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Abstract 
Purpose: To determine the nutrient adequacy of the diet of older adults living in a retirement 
community (RC). Methods: Residents were surveyed using a 21-item Health Questionnaire 
and Three Day Food Records were used to estimate the adequacy of their diets. Food records 
were analyzed using ESHA Food Processor®; all data were tabulated and analyzed using 
SPSS version 19 software. Results: Response rate, 28.7%; mean age, 86 ± 8.1 years; mean 
BMI, 25.6 ± 4.6 /; polypharmacy, 75%;  health conditions (most nutrition-related), 
75%; 60% performed between 30-150 min of physical activity/week. Participants met the 
EER and AMDRs for macro-nutrients; ≥50% had inadequate intakes for six micro-nutrients 
and fibre; females met the recommended number of food-guide-servings for two food 
groups, while males consumed significantly less than the recommendations for all four food 
groups. Conclusion: Based on food intake, without supplements, there was a high prevalence 
of nutrient inadequacies amongst RC residents. 
 
Keywords 
Nutrient adequacy, older adults, retirement community, food intakes, supplement, physical 
activity, sun habits  
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INTRODUCTION 
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1.1 Introduction  
This section outlines nutrients inadequacies reported in Canada and elsewhere in 
older adults living in various settings. The term “elderly” is being used less often to 
describe the older population, having been substituted recently by the term ‘older adults’ 
in recent literature. Typically older adults are categorized into three groups: young old 
(65 – 74 years), aged (75 – 84 years), and oldest old (85 years and older) (Wellman & 
Kamp, 2012; Krinke, 2008). The prevalence of older adults in Canada will continue to 
rise over the next three decades: the percentage is predicted to increase from 13.2 to 
24.5% between 2005 and 2036 (Statistics Canada, 2006). This is due to the projected 
number of ‘baby boomers’ who entered the ‘young old’ age group (>65 years of age) by 
2011, where three in every 10 Canadians were ‘baby boomers” (Statistics Canada, 2012a; 
Statistics Canada, 2011). According to Statistics Canada (2012b), the prevalence of older 
adults aged 65 years and older WAS 14.8% in Canada and 14.6% in Ontario in 2011. 
According to Carriere & Galarneau (2011), the average age Canadians are choosing to 
retire remains around 62 and has not changed since 2004. However, mandatory 
retirement, at age 65, in Ontario ended in December 2006 (Government of Ontario, 
2009). In addition, the eligible age for Old Age Security (OAS) and Guaranteed Income 
Supplement (GIS) was recently raised from 65 to 67 in the Economic Action Plan 
effective 2023 (Government of Canada, 2012; Service Canada, 2012).   
With the increase in the older population, there will be an increase in the demand 
for retirement community (RC) facilities. Generally, after retirement, older adults will 
either choose to live in a private household or in a RC. Presently in Ontario, there are 
44,830 residents living in RCs (Canada Mortgage and Housing Cooperation, 2011). In 
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Canada, while almost 93% of older adults (aged 65 years and older) live independently, 
are fully functional in the community, and live in private households, the percentage of 
older adults living in institutions (e.g. long-term care [LTC] and hospitals) range between 
2 % among those aged 65 years and older to 32% among those aged 85 years and older 
(Statistics Canada, 2006). 
Numerous studies have found that older adults are at high risk of malnutrition 
(Vikstedt et al., 2011; Kaiser et al., 2010; Lengyel, Whiting & Gordon, 2008; Johnson & 
Begum, 2008; Guigoz, 2006; Griep, Mets, Colleys, Ponjaert-Kristoffersen, & Massart, 
2000; Whitehead & Finucnane, 1997; Keller, 1993). According to Keller (1993, p. 1212) 
the best definition of malnutrition would include “undernourishment resulting from 
insufficient food intake; over-nutrition caused by excess food intake; specific nutrient 
deficiencies; imbalance due to disproportional dietary intake”. More recently, Chen, 
Schilling & Lyder (2001, p. 139) defined malnutrition, as: 
 
“Faulty or inadequate nutritional status: undernourishment characterized 
by insufficient dietary intake, poor appetite, and muscle wasting and 
weight loss. In the elderly, malnutrition is an ominous sign. Without 
intervention, it presents as a downwards trajectory leading to poor health 
and decreased quality of life. Malnutrition in the elderly is a 
multidimensional concept encompassing physical and psychological 
elements. It is precipitated by loss, dependency, loneliness and chronic 
illness and potentially impacts morbidity, mortality and quality of life.” 
 
However, there are other definitions for malnutrition in the literature. Malnutrition 
is more common in older adults than in younger people. In Western countries, it has been 
estimated that the prevalence of malnutrition among older adults living independently 
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ranged from 5 to 44% (Keller & Mckenzie, 2003; McLellan & Van Till, 1998; Morley, 
1998), while among LTC residents  it was 30 to 85% (Wellman & Kamp, 2012; Bostrım, 
Van Soest, Kolewaski, Mlke & Estabrooks, 2011; Sitter & Lengyel, 2011; Vikstedt et al., 
2011; Kaiser et al., 2010; Carrier, Ouellet & West, 2007; Brownie, 2006; Suominen et al., 
2005; Morley, 1998; Whitehead & Finucane, 1997; Keller, 1993).  
  According to Brownie (2006) and Chen et al (2001), malnutrition may lead to 
slow wound healing, health condition complications, increased risk of infections, and 
lengthened hospital stays. For instance, older adults who are malnourished have more 
health complications than well nourished individuals, and require longer periods of 
hospitalization (Chen et al., 2001). Many studies have also linked malnutrition to 
morbidity and mortality in institutionalized and free-living older adults (Woods, Walker, 
Iuliano-Burns & Strauss, 2009; Labossiere & Bernard, 2008; Olin et al., 2003; Payette, 
Coulombe, Boutier & Gray-Donald, 1999; Sullivan & Walls, 1998; Whitehead & 
Finucane, 1997; Keller, 1993). As a result, malnutrition could put older adults at high risk 
for chronic diseases and decrease their quality of life (Health Canada 2009a; Woods et al, 
2009; Aghdassi et al., 2007; Chen et al., 2001; Keller, 1993).  Furthermore, in LTC 
facilities, malnutrition has been associated with energy, protein, fibre, and numerous 
vitamin and mineral inadequacies (Lengyel et al., 2008; Aghdassi et al., 2007; Grieger & 
Nowson, 2007; Nowson, Sherwin, McPhee, Wark & Flicker, 2003; Keller, 1993). In 
Canada, a high percentage of older adults living in LTC facilities were shown to be at 
high risk of inadequate intakes of energy, protein, vitamin A, thiamin, riboflavin, niacin, 
folate, vitamin B6, vitamin B12, vitamin C, vitamin E, vitamin D, calcium, magnesium, 
phosphorus, zinc, and fiber (Lengyel et al., 2008; Aghdassi et al., 2007; Wendland, 
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Greenwood, Weinberg & Young, 2003; Keller, 1993). Similar inadequacies have also 
been reported in other countries (Weeden, Remig, Holcomb, Herlad & Baybutt, 2010; 
Grieger & Nowson, 2007; Nowson et al., 2003). In addition, in RCs, data from other 
countries revealed that older adults failed to meet the country-specific nutrition 
recommendations for macro- / micro-nutrients including energy, protein, thiamin, 
riboflavin, folate, vitamin E, vitamin D, calcium, magnesium, zinc and fibre (Vikstedt et 
al., 2011; Woods et al., 2009; Nichols, Porter, Hammond & Arjmand, 2002), many of 
which have also been shown to be inadequate in LTCs. However, there is a paucity of 
studies regarding the nutrient intakes of older adults living in RCs in Canada.  
Adequate nutrient intakes are not only important to help meet the nutrition 
requirements, but also to reduce the risk of reduced immune function and some nutrition 
related chronic diseases such as obesity, type 2 diabetes, heart disease, some cancers, and 
osteoporosis even in older adults (Health Canada, 2009a; Wendland et al., 2003). 
Therefore, it is important to estimate the nutrient intakes of older adults because it may  
help prevent or reduce complications associated such conditions by finding gaps in 
macro- or micro-nutrients in the diets of older adults and provide opportunities to correct 
them. 
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1.2 Purpose of the study 
This study aims were to collect health information and to determine the adequacy 
of nutrient intake of older adults living in a retirement community in London Ontario. 
1.3 Objectives 
This study has two objectives as follows: 
• To conduct a health survey of residents living in a retirement community in 
London Ontario, and  
• To estimate and compare the nutrient composition of their 3-Day food records 
(three non consecutive days, two week days plus one weekend day) and compare 
these to current food group/nutrition recommendations for their age group and 
sex.  
1.4 Hypothesis 
Research hypothesis - older adults living in a retirement community will adequately 
meet the current food group/nutrition recommendations for their age group and sex. 
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CHAPTER 2 
LITERATURE REVIEW 
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2.1 Older Adults in Retirement Communities  
The older adult population in Canada will double around the middle of this 
millennium (Statistics Canada, 2006). The prevalence of older adults residing in Canada 
is predicted to rise by almost 25% by 2036 (Statistics Canada, 2006). Moreover, in 2005, 
the percentage of senior residents in Ontario was 12.8% (Statistics Canada, 2006). This 
percentage increased to 14.6% in 2011 (Statistics Canada, 2012b), and is predicted to 
increase by 7.1% in 2026 (Statistics Canada, 2006). Given the projected increases in the 
older adult population in Canada, it is apparent that demand will increase for RCs, health 
care and other services for this population. According to Woods et al (2009), compared to 
LTC residents, older adults living in RCs need less care and less access to the health care 
system. Generally, RCs are intended for those who do not need continuous health care; 
however, like LTC residents, older adults living in these communities are at some risk of 
nutrient inadequacy due, in part, to reduce in the appetite (Kaiser et al., 2010; Nichols et 
al., 2002; Whitehead & Finucane, 1997). While there is a paucity of dietary studies 
conducted on RCs in Canada, many researchers have studied malnutrition in LTC 
facilities in Canada and elsewhere (Bostrım et al., 2011; Sitter & Lengyel, 2011; 
Vikstedt et al., 2011; Carrier et al., 2007; Pauly, Stehle, & Volkert, 2007; Suominen et 
al., 2005; Keller & Mckenzie, 2003; McLellan & Van Till, 1998; Keller, 1993 ). Thus, it 
is crucial to conduct more studies to estimate the food intake in RCs residents in Canada; 
this will especially be the case as new regulations for RCs come into effect between now 
and January 2014 for Ontario (Service Ontario e-Laws, 2012). 
Across Canada, regulations for LTC facilities include detailed rules for food 
services. The new regulations for RCs in Canada are designed to ensure a better quality 
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of life for residents of these facilities (See table 2.1). These regulations are similar to 
what is applied in LTC facilities in Ontario; however, while only some RCs may have 
access to the services of a Registered Dietitian (RD), the ‘LTC Act’ specifies that an RD 
approve the menu (Service Ontario e-Laws, 2011; Service Ontario e-Laws, 2010).    
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Table 2.1 
Ontario Regulations: Retirement Homes Act, 2010¹ 
 Regulations 
Provision of 
a Meal 
“If the licensee is the sole provider of the resident’s meals: 
1- “the resident is offered three meals per day at reasonable and regular 
hours, a beverage between the morning and midday meals, a snack and a 
beverage between the midday and evening meals and a snack and a 
beverage after the evening meal” 
2- “Menus provide adequate nutrients, fibre and energy for the resident, 
include fresh seasonal foods and are consistent with standards of good 
nutrition in Canada” 
3- “ The menu is varied and changes daily” 
4- “The menu cycle changes at least every 21 days” 
5- “The menu includes alternative entrée choices at each meal” 
6- “ An individualized menu is developed for the resident if the resident’s 
needs cannot be met through the home’s menu cycle” 
7- “The resident is informed of his or her daily and weekly menu option” 
8- “ The resident is given sufficient time to eat at his or her own pace” 
9- “Food Service workers and staff assisting the resident are aware of the 
resident’s diet special needs and preferences” 
10- “Staff monitor the resident during meals as required” 
1) Adopted from: Service Ontario e-Laws, 2011 
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2.2 Aging and Malnutrition in Institutionalized Older Adults 
Aging is associated with many changes that may alter the nutritional status of 
older adults (see Table 2.2). 
Table 2.2 
Changes Associated with Aging  
 List of Changes That Maybe Associated With Aging  
(Wellman & Kamp, 2012)  
Gastrointestinal System 
 
 
Chronic Diseases 
 
 
 
Energy, Protein and 
Nutrients 
Requirements: 
 
•  Changes that may alter nutrient ingestion, absorption, 
metabolism. 
               
• With aging there is a high risk of being diagnosed with 
one or more nutrition- related chronic diseases (e.g. 
cardiovascular disease, diabetes, hypertension, cancer, 
renal disease, etc).  
                                                                                                                        
• Energy: decrease in basal metabolic rate and decrease 
in energy needs (3% per decade). 
•  Protein: requirements vary according to health 
condition. 
• Nutrients: risk of deficiency for some nutrients (e.g. 
vitamin B12, vitamin D), risk for dehydration, and 
increase in the dietary requirements for others (e.g. 
calcium).     
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With aging, there is a noticeable decline in older adults’ dietary intake. This 
decline may be related to physical, physiological, psychological, and environmental 
changes (e.g., poor dentition, chronic diseases, polypharmacy, psychological conditions 
such as dementia, and decreases in appetite) (Wellman & Kamp, 2012; Viveky et al., 
2011; Lorefält, Andersson, Wirehn & Wilhelmsson, 2011; Ahmed & Haboubi, 2010; 
Labossiere & Bernard, 2008; Gaskill et al., 2008; Frazier, 2005; Nowson et al., 2003; 
Keller, 1993). For instance, older adults may have impaired physical function due to 
many nutrition-related diseases (for example, amputation in diabetic patients), which may 
cause a decline in their food intake putting them at increase risk for nursing home 
admission, and morbidity (Wellman & Kamp, 2012). In addition, changes to the social 
environment may subsequently influence food intake negatively, which could result in 
malnutrition. For example, the absence of a favorable dining environment (e.g. dining 
room) can negatively affect appetite and eating habits (Dorner et al., 2001). Furthermore, 
malnutrition affects health conditions, resulting in chronic disease or disease 
complications (Health Canada, 2009a; Woods et al, 2009; Labossiere & Bernard, 2008; 
Chen et al., 2001). Malnutrition has also been shown to increase the risk of disease 
complications and increase the lengths of hospital stays (Brownie, 2006; Chen et al., 
2001; Omran & Morley, 2000). For instance, it have been reported that malnourished 
older adult patients have 2 to 20 times more complications and higher death rates than 
well-nourished older adult patients (Brownie, 2006; Chen et al., 2001; Sullivan & 
Lipschitz, 1997) 
While there is more than one definition for malnutrition (Dunne & Dahl, 2007), 
according to Woods et al (2009) malnutrition has yet to be clearly defined. Regardless of 
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deficiencies Institutionalized older adults are at high risk of malnutrition (Bostrım et al., 
2011; Gaskill et al., 2008; Lengyel et al., 2008; Wendland et al., 2003; Whitehead & 
Finucane, 1997; Keller, 1993). According to a systematic review, 32 of the 122 studies 
that used the Mini Nutritional Assessment tool (MNA®) were conducted in all types of 
institutions(Guigoz, 2006). According to these studies, the prevalence of malnutrition 
among institutionalized seniors in Western countries is 21% with a range between 5% 
and 71%, while the risk of malnutrition is 51% with a range between 27% and 70%. 
However, of the 32 studies only two were conducted in Canada, and the others were 
conducted in the United States and Europe. Moreover, one RC in Australia found that 
more than 60% of older adults living in a RC had one or more indicators of 
undernutrition (Woods et al., 2009). A more recent study in a Finnish RC found that more 
than 60% of the residents were at high risk of malnutrition (Vikstedt et al., 2011). 
Malnutrition and nutrient inadequacy among institutionalized seniors have been a 
concern for more than two decades. According to Keller (1993), the prevalence of 
undernutrition, such as low energy and protein intake, among residents living in one 
Canadian LTC facility was 45.5%. Another more recent Canadian study conducted in a 
veterans’ LTC found that 31% of the participants were malnourished and 58% were at 
risk of malnutrition (Bostrım et al., 2011). According to a survey in the United States, 
Abbasi & Rudman (1994) found that institutionalized older adults consumed less than 
their actual need for protein, and Morley and Silver (1995) found that up to 65% of 
institutionalized older adults had protein energy malnutrition (PEM).  
In addition, malnutrition or nutrient inadequacies have also been reported for 
Canadian LTC residents who had low/inadequate food intake, and/or were not receiving 
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an adequate quantity of nutrients in the food provided to them (Lengyel et al., 2008; 
Wendland et al., 2003; Keller, 1993). In fact, nutrient inadequacy has been shown to 
result in malnutrition when older adults consumed 75% or less of the recommended 
intake for their age and sex (Sullivan, Sun & Walls, 1999; Posner, Jette, Smigelski, 
Miller & Mitchell, 1994; Grivetti, McDonald & Stevens, 1992). Two recent Canadian 
studies also revealed that the majority of LTCs residents they surveyed did not consume 
their entire meals (Lengyel et al., 2008; Wendland et al., 2003).  
According to Nichols et al (2002), it is hard for older adults to maintain an 
adequate nutrient intake, especially when they consume less energy than their needs. In 
one Canadian study in a LTC facility, researchers found that the range of the energy 
intake among the residents was between 1000 and 1500 kcal/day (Wendland et al., 2003). 
In the same study, when comparing energy provided to energy intake, a decline has been 
shown from 2000 kcal of food provided energy to only 1500 kcal consumed. Moreover, 
they found that the menu did not meet the Canadian recommendations for vitamin E, 
pantothenic acid, calcium, zinc, copper, and manganese even when 2000 kcal meals were 
fully consumed. Furthermore, when consumption was only 1500 kcal, even more 
nutrients were lacking such as thiamin, niacin, vitamin B6, and magnesium (Wendland et 
al., 2003). Recent Canadian studies have also shown that the menus of some Canadian 
LTC facilities provided meals where some nutrient intake (vitamin D, vitamin E, folate, 
vitamin B6, pantothenic acid, magnesium, calcium, potassium, zinc, copper, and fiber) 
fell just below the recommendations (Wright-Thompson & Piché, 2011; Lengyel, Zello, 
Smith & Whiting, 2003; Wendland et al., 2003). However, based on data from a large 
study of all the nursing homes in Helsinki, Suominen et al (2005, p. 581) state that “when 
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residents ate all or nearly all from the offered food portion, or when they ate snacks 
between meals, their nutritional status was better than when they ate only a little from the 
offered portions or didn't eat snacks”. 
Researchers studying malnutrition/undernutrition among older adults use different 
tools to measure the prevalence of malnutrition, such as anthropometric measurements 
(e.g., body mass index (BMI)), laboratory methods (e.g., static biochemical and 
functional tests), clinical measurements (e.g., medical history and physical examination), 
nutritional risk index (e.g., Mini Assessment Tool (MNA®)), and dietary methods (e.g., 
diet records) (Gibson, 2005). Regarding BMI, a Canadian LTC study found that even 
when residents had normal BMIs (an average of 23.9 ± 4.5 kg /  for males and 23.8 ± 
6.1 kg /  for females) they did not consume adequate nutrient intakes (Aghdassi et al., 
2007). However, according to Pauly et al. (2007) anthropometric measures are good 
indicators of chronic poor energy and protein intake, but are not sensitive enough to 
capture all inadequate micronutrient intakes or risks of deficiency. It is apparent that 
malnutrition and inadequate nutrient intakes (most preventable formS of malnutrition) is 
common among seniors in LTC facilities in Canada, yet there are few studies so far 
concerning the nutritional health of older adults residing in RCs (Woods et al., 2009; 
Wendland et al., 2003; Abbasi & Rudman, 1994).  
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2.3 Macro-/Micro-Nutrients of Concern for Older Adults 
Residents of LTC facilities were found to have low blood concentration of some 
nutrients, for example, iron, vitamin D (Sitter & Lengyel, 2011) vitamin B12, vitamin 
B6, folate, and niacin (Paulionis, Kane & Meckling, 2005). Factors that contributed to 
low nutrient status include low energy and/or nutrient intake, drug-nutrient interactions, 
and health conditions that affect the absorption and metabolism of vitamins and minerals 
(Wellman & Kamp, 2012; Bales & Ritchie, 2006; Gibson, 2005; Morley and Silver, 
1995). Micronutrient deficiency can lead to malnutrition (Wendland et al., 2003); thus, 
adequate nutrient intake is crucial to maintain health and for a better quality of life 
(Viveky et al., 2012; Wellman & Kamp, 2012; Morley, 2011; Chen et al., 2001; Kane, 
2001). Consuming an adequate amount of nutrients is vital for the proper functioning of 
all body systems. For instance, bone health depends on adequate physiological amounts 
of vitamin D and calcium (Institute of Medicine, 2011). Also, the cognitive system is 
highly affected by B vitamin status (Selhub, Troen, & Rosenberg, 2010; Paulionis et al., 
2005) and low vitamin C intake (Morley and Silver, 1995), while low-fiber and high-fat 
diets are associated with cerebrovascular diseases (Viveky et al., 2012). In some 
Canadian studies, numerous nutrients of concern for older adults living in LTC facilities 
have been identified, for instance, energy, protein, vitamin A, thiamin, riboflavin, niacin, 
folate, vitamins B6, vitamin B12, vitamin C, vitamin E, and vitamin D, calcium, 
magnesium, phosphorus, zinc, and fibre (Lengyel et al., 2008; Aghdassi et al., 2007; 
Wendland et al., 2003). In two of these studies, however, residents were not consuming 
their full meals (Lengyel et al., 2008; Wendland et al., 2003). Furthermore, the nutrients 
of concern among free-living older adults (aged 71 years and older), according to 
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Canadian Community Health Survey (CCHS) data cycle 2.2, are carbohydrate, vitamin 
A, vitamin C, vitamin B6, vitamin B12, vitamin D, folate, thiamin, riboflavin, 
magnesium, zinc, and fibre (Health Canada, 2009a).  In international studies the nutrients 
of concern identified among LTC residents were energy, vitamin D, vitamin E, folic acid, 
calcium, magnesium, and fibre (Weeden et al., 2010; Grieger & Nowson, 2007; Nowson 
et al., 2003). Available studies about nutrient inadequacy in RCs showed some degree of 
nutrient inadequacy among RC residents. These residents were reported to be at risk for 
inadequate intake of the following nutrients: energy, protein, thiamin, riboflavin, vitamin 
D, vitamin E, folic acid, calcium, magnesium, zinc, fibre (Vikstedt et al., 2011; Woods et 
al., 2009; Nichols et al., 2002). Thus, common nutrients of concern among LTC, RC and 
free-living situations were very similar (see Table 2.3). 
  
18 
 
 
Table 2.3 
Nutrients of Concern for Older Adults in Different Settings   
Study Country  Setting Macro- / Micro-nutrients of concern 
Keller, 1993 
 
Wendland et al., 
2003 
 
Aghdassi et al., 
2007 
 
Lengyel et al., 
2008 
 
 
Payette et al., 
1999 
 
Health Canada, 
2009a 
 
 
Johnson & 
Begum, 2008 
 
 
Dewolf et al., 
2003 
Canada 
 
Canada 
 
 
Canada 
 
 
Canada 
 
 
 
Canada 
 
 
Canada 
 
 
 
Canada 
 
 
Canada 
LTC hospital 
 
LTC 
 
 
LTC 
 
 
LTC 
 
 
 
Free-Living & 
institutionalized 
 
Free-Living 
 
 
 
Free-Living  
 
 
Free-Living 
 
Energy, Protein 
 
Vitamin A, thiamin, riboflavin, niacin, 
vitamin B6, vitamin C, vitamin E, 
calcium, phosphorus, zinc  
Protein, vitamin A, niacin, folate, 
vitamin B6, vitamin E, vitamin D, 
calcium, magnesium, zinc, and fibre 
Protein, thiamin, niacin, folate, 
vitamin B6, vitamin B12, vitamin C, 
vitamin E, vitamin D, calcium, 
magnesium, zinc, fibre 
Energy, protein  
 
 
Carbohydrate, vitamin A, vitamin C, 
vitamin B6, vitamin B12, vitamin D, 
folate, thiamin, riboflavin, calcium,  
magnesium, zinc, fibre. 
Energy, carbohydrate, vitamin A, 
vitamin D, vitamin E, vitamin K, 
folate, calcium, magnesium,  
potassium, zinc, selenium, fibre 
Vitamin D, vitamin B6, vitamin B12, 
vitamin C, calcium, zinc 
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Table 2.3 
Nutrients of Concern for Older Adults in Different Settings (cont.)   
Study Country Setting Macro- / Micro-nutrients of concerns 
Grieger & 
Nowson, 2007 
Nowson et al., 
2003 
Vikstedt et al., 
2011 
Woods et al., 
2009 
 
Nichols et al., 
2002 
Weeden et al., 
2010 
Foote & 
Giulliano, 2000 
 
Australia 
 
Australia 
 
Finland 
 
Australia 
 
 
United 
States 
United 
States 
United 
States 
LTC  
 
LTC & RC 
 
RC 
 
RC 
 
 
RC 
 
Free-Living 
 
Free-Living 
Energy, vitamin D, calcium, folate 
 
Vitamin D, calcium, fibre 
 
Energy, vitamin D, vitamin E, folic 
acid, fibre 
Energy, protein, thiamin, riboflavin, 
folate, calcium, magnesium, zinc,  
fibre 
Vitamin D, calcium 
 
Vitamin D, vitamin E, folic acid, 
calcium, magnesium 
Vitamin D, vitamin E, folate, calcium, 
 
2.3.1 Energy. With aging, there is a decrease in the basal metabolic rate 
(Wellman & Kamp, 2012; Bales & Ritchie, 2006) and amount of physical activity 
(Krinke, 2008; Roberts & Rosenberg, 2006). Furthermore, energy requirements decrease 
by three to 10% every 10 years (Wellman & Kamp, 2012).  This decrease is due, in part, 
to changes in body composition where there is an increase in body fat mass (for example, 
visceral mass) and a decrease in lean muscle mass. Indeed, lower than recommended 
energy intakes have been reported for residents in at least two Canadian LTC studies, as 
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well as in international LTC settings and RCs (see Table 2.3). With such low energy 
intakes (e.g. 1600 kcal or less), without consuming energy-/nutrient-dense foods, it would 
be difficult to not only obtain adequate macro-/micro-nutrient intakes for this population 
but to also meet the energy needs of active older adults (Wellman & Kamp, 2012; 
Krinke, 2008).  
2.3.2 Vitamin D. Among the major biological functions of vitamin D are the 
absorption of calcium and phosphorus and to maintain a normal calcium and phosphorus 
homeostasis (Institute of Medicine, 2011).  Other functions of vitamin D in some organs 
and cells (i.e., brain, heart, pancreas, mononuclear cells, activated lymphocytes, and skin) 
have not yet been clearly defined; however, vitamin D is known to function in these 
organs and cells as a potent antiproliferative and prodifferentiation hormone (Institute of 
Medicine, 1997).  Institutionalized older adults are at a very high risk for vitamin D 
deficiency (Hanley et al., 2010); such risk is due, in part, to the physiological changes 
associated with aging (Wellman & Kamp, 2012; Institute of Medicine, 2011). For 
example, with aging vitamin D synthesis on the skin is less efficient, and there is also a 
decrease in vitamin D active hormone conversion in the kidney (Wellman & Kamp, 
2012; Institute of Medicine, 2011). Furthermore, vitamin D synthesis from sun exposure 
is controlled by many factors including latitude, altitude, time of year, day, weather 
condition, age, skin pigmentation, sun screen, and clothing (Institute of Medicine, 2011; 
Hanley et al., 2010). Of special interest in Canada are latitude and time of year, because 
vitamin D obtained from sun exposure is insufficient from mid-October to mid-March 
(Hanley et al., 2010), when vitamin D production is negligible. Moreover, Canadian 
studies have confirmed marked seasonal differences in serum vitamin D concentration 
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among older adults living in institutions, free-living low income older adults, and young 
adult females and males of diverse ancestry in Toronto (Wu et al., 2009; Rucker, Allan, 
Fick & Hanley, 2002; Morley and Silver, 1995). Adequate serum vitamin D 
concentration contribute to musculoskeletal health, as well as cardiovascular, cancer, and 
diabetes prevention (Institute of Medicine, 2011). It is also well known that vitamin D 
deficiency is linked to a high risk of osteoporosis, and hip fractures (Wellman & Kamp, 
2012; Institute of Medicine, 2011). It is estimated that about 2 million Canadians aged 40 
years and older are diagnosed with osteoporosis (Osteoporosis Canada, 2010; Public 
Health Agency of Canada, 2010c). Furthermore, it has recently been estimated that 22% 
of men and 47% of women will experience an osteoporosis fraction in their life time 
(Holick, 2009). Thus, factors that prevent desirable serum vitamin D concentration of 75 
nmol/L include inadequate sun exposure and low quantities of vitamin D concentration in 
the diet (Institute of Medicine, 2011; Hanley et al., 2010). 
 Due to the fact that vitamin D synthesis and absorption from the diet decline with 
age, in 2007, Health Canada included a recommendation in Eating Well with Canada’s 
Food Guide (CFG), that all adults aged >50 years consume 10µg (400 IU) of vitamin D 
in the form or a supplement on a daily basis (Health Canada, 2007). More recently 
(November 2010), the IOM released new DRIs for vitamin D in relation to bone health 
that were set based on the assumption of minimal sun exposure (Institute of Medicine, 
2011). The new RDA for people between 19 to 70 years of age is 15 µg (600 IU), and for 
the ≥71 age group it is 20 µg (800 IU). Prior to these recommendations, inadequate 
vitamin D intakes were frequently observed in numerous studies in Canadian LTC 
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facilities and among our free living population. Similar observations have also been 
reported in these same settings in international studies, as well as in RCs (see Table 2.3).  
2.3.3 Calcium. Calcium is another nutrient of concern for older adults, 
specifically due to its association with osteoporosis. Calcium is found in a mineral 
complex which accounts for almost 40% of the bone mass (Institute of Medicine, 1997). 
Calcium also plays a role in glandular secretion, mediating vascular contraction and 
vasodilatation, muscle contraction, and nerve transmission (Institute of Medicine, 1997). 
Calcium recommendations (1200 mg/day) for older adults are higher than those of young 
adults (Gallagher, 2012; Institute of Medicine, 1997). The higher recommendation can be 
explained, in part, by changes in vitamin D synthesis and absorption as described in 
section 2.3.2 (Gallagher, 2012; Morley and Silver, 1995). Moreover, reduced gastric acid 
secretion is another physiological change associated with aging, which may result in poor 
calcium absorption (Institute of Medicine, 2011; Institute of Medicine, 1997). Due to this 
and other factors, it has been reported that after 40 years of age, calcium absorption 
declines by an average rate of 0.2% per year (Institute of Medicine, 2011). Also, pre-
menopausal bone loss ranges from 3 to 7% per year; however, this percentage declines to 
between 0.5 and 2% per year among women after about 65 years of age. Furthermore, for 
men over the age of 65 years, the rate of bone loss ranges between 1 and 2% per year 
(Institute of Medicine, 2011). Therefore, it is important to maintain adequate intakes of 
calcium in order to reduce the risk of developing age-related bone loss, osteoporosis, and 
osteomalacia. 
Like vitamin D, a new set of recommendations for calcium has been set by the 
IOM to meet the optimum intake for this nutrient, in order to prevent age-related bone 
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loss due to calcium insufficiency (Institute of Medicine, 2011).  The RDA for females 
and males >70 years of age is 1200 mg from food and supplements per day (Institute of 
Medicine, 2011). It should also be noted that prior to this new recommendation an 
Adequate Intake (AI) for this age group was set at 1200 mg in 1997 yet inadequate 
calcium intakes have been reported among residents in three LTC institutions in Canada, 
as well as among free-living populations. In addition, similar findings have also been 
reported for residents in international studies in LTC, RCs, and free-living settings (see 
Table 2.3).  
2.3.4 Other vitamins and minerals. Vitamin B12 is one of the common vitamins 
that is consumed in low quantities among older adults (Wellman & Kamp, 2012; Krinke, 
2008; Institute of Medicine, 1998). Vitamin B12 functions as a co-factor for two enzymes 
(methionine synthase and L-methylmalonyl-CoA mutase) important in folate and fatty 
acid metabolism (Institute of Medicine, 1998).  Even when consuming an adequate 
amount of vitamin B12, older adults aged 65 to 99 years were found to have low serum 
vitamin B12 concentrations, due to malabsorption (Gallagher, 2012; Krinke, 2008). 
According to Gallagher (2012), up to 43% of older adults have vitamin B12 deficiency, 
mostly due to atrophic gastritis. Also, it can develop due to pernicious anaemia 
(Gallagher, 2012; Institute of Medicine, 1998). Vitamin B12 deficiency may take several 
years to develop; however, the neurological symptoms that may develop can be 
irreversible (Krinke, 2008). In addition, it has been shown that older adults diagnosed 
with Alzheimer dementia are more at risk for vitamin B12 deficiency (Healton, Savage, 
Brust, Garrett, Lindenbaum, 1991). Furthermore, another study found that vitamin B12 
therapy improved neuropsychiatric abnormality conditions in older adults (Morley and 
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Silver, 1995). In relation to older free-living Canadians or those residing in LTC, many 
were shown to have inadequate vitamin B12 intake (see Table 2.3).  
Folate and vitamin B12 are among the nutrients that have an important role in red 
blood cell formation. Also, folate as a coenzyme plays a role in the following reactions: 
deoxyribonucleic acid (DNA) synthesis, purine synthesis, and amino acid interconversion 
(Institute of Medicine, 1998). Furthermore, inadequate intake of folate or vitamin B12 
will result in changes in the blood cell formation, such as, megaloblastic anemia (Institute 
of Medicine, 1998). A folic-acid deficiency can also be secondary to a vitamin B12 
deficiency, and some of the commonly used medications among older adults can also 
affect folate metabolism, for example antacids and diuretics (Krinke, 2008). Inadequate 
folate intakes have also been observed in numerous Canadian and international studies 
including older residents living in their own homes (see Table 2.3). 
Data from a number of studies revealed that institutionalized older adults are at 
high risk of various mineral deficiencies (Woods et al, 2009; Johnson & Begum, 2008; 
Lengyel et al, 2008; Aghdassi et al., 2007; Wendland et al, 2003; Morley and Silver, 
1995). Only one in every four older adults meets the dietary recommendations for 
magnesium (DRI) (Krinke, 2008). This could be a concern, especially because 
magnesium plays such an important role in energy metabolism and vitamin D metabolism 
(Institute of Medicine, 1997). Furthermore, magnesium has a biological function in teeth 
and bone formation, energy metabolism, muscle contraction, nerve activity, glucose 
utilization, and fat and protein synthesis (Krinke, 2008). Magnesium deficiencies have 
also been linked to high blood pressure (HBP), a common condition observed in older 
adults (Weeden et al., 2010; Institute of Medicine, 1997). According to Weeden et al 
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(2010) more than 75% of study participants consumed inadequate amounts of 
magnesium, and more than 50% of the same population had HBP. Magnesium 
deficiencies may occur as a result of low dietary intake and malabsorption; however, 
under normal conditions magnesium absorption does not appear to be affected by aging. 
Furthermore, inadequate magnesium intakes have been observed in numerous Canadian 
and international studies in various settings (see Table 2.3). 
Older adults have also been found to consume inadequate amounts of zinc 
(Wellman & Kamp, 2012; Krinke, 2008). Zinc has a catalytic, structural and regulatory 
function in the body. For example, almost 100 enzymes depend on zinc; also, zinc plays 
important roles in protein structure and gene expression (Institute of Medicine, 2001). 
Moreover, some health conditions affect zinc absorption such as infections, and muscle 
wasting diseases (Krinke, 2008). Also, zinc deficiencies can worsen immune deficiency 
and hinder wound healing (Institute of Medicine, 2001; Morley and Silver, 1995).  Zinc 
absorption is also affected by some medications, such as diuretics, antacids, and 
laxatives, which are commonly used by seniors (Krinke, 2008). Numerous Canadian and 
international studies of RCs revealed inadequate zinc intake among older adults in 
different settings (see Table 2.3). 
2.3.5 Fibre. Low fibre intake is another concern for older adults. Some Canadian 
studies revealed that institutional menus delivered less than the recommended amount for 
this age group (Wright-Thompson & Piché, 2011; Lengyel et al., 2003; Wendland et al., 
2003).  Adequate fibre intake is crucial for this age group due to its association with some 
common chronic diseases and health conditions among older adults, such as 
cardiovascular diseases, diabetes, and constipation (Decher & Krenitsky, 2012; Franz, 
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2012; Raymond & Couch, 2012). For example, it is well known that fibre plays a role in 
delaying the emptying of the small intestine and prolongs the feeling of satiety. It can 
help reduce the postprandial blood glucose concentration, and increase insulin sensitivity. 
In addition, it plays a role in decreasing blood cholesterol concentration, by interfering 
with dietary fat and cholesterol absorption (Institute of Medicine, 2002). With this 
background in mind, note that inadequate fibre intakes have been observed in various 
settings in numerous Canadian and international settings (see Table 2.3).  
 
2.4 Nutrient/Dietary Supplements 
Nutritional/dietary supplements have been shown to improve older adults’ 
nutritional status (Weeden et al., 2010). Among these supplements, there are two classes: 
energy and protein supplements, and micronutrient supplements. Supplements deliver 
benefits to seniors that include preventing/treating deficiencies and reversing disease 
complications as outline below (Weeden et al., 2010). According to Wendland et al 
(2003) a full spectrum of vitamins and minerals is one of the approaches used to address 
inadequate micronutrient intake. For example, two recent Canadian studies revealed that 
a vitamin D supplement is required to achieve adequate intake of dietary vitamin D and 
to reduce the risk of osteoporosis (Whiting, Longlois, Vatanparast & Greene-Finestone, 
2011; Baraké, Weiler, Payette & Gray-Donald, 2010). In fact, the latter study by Baraké 
et al (2010) found that serum vitamin D of ≥ 75 nmol/L was achieved when the average 
vitamin D intake from diet and supplements was 14.1 ± 11.6 µg/d (supplement intakes 
accounted for 56% of average vitamin D intake). Also, Weeden et al (2010) found that 
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vitamin and mineral supplements made a noticeable improvement in the dietary intake of 
vitamin D, vitamin E, vitamin B6, folic acid, and calcium among non-institutionalized 
older adults. In addition, according to Morley and Silver (1995), infection rates decreased 
when vitamin supplements were provided.  Also, two intervention studies reported that 
the risk of hip fracture among older adult women and the risk of non-vertebral fracture 
among non-institutionalized men and women over the age of 65 years decreased after 
taking vitamin D and calcium supplements (Dawson-Hughes, Harris, Krall, & Dallal, 
1997; Chapuy et al., 1992). In addition, Bischoff-Ferrari, Giovannucci, Willett, Diettrich 
and Dawson-Hughes (2006) found that 17.5 – 18.0 µg (700 – 800 IU) of vitamin D per 
day is associated with less fractures with and without calcium supplementation. Other 
than correcting dietary energy, protein, and vitamin/mineral intake and reversing disease 
complications, these supplements appear to improve the quality of life. For instance, they 
were found to reduce morbidity rates among hospitalized older adults, (Milen, Avenell & 
Potter, 2008), decrease the length of stay in hospitals (Whitehead & Finucane, 1997), the 
risk of falls (Flicker et al., 2005), and mortality rates (Ahmed & Haboubi, 2010; Milen et 
al., 2008).  
Energy, protein, and micronutrient supplements should be consumed with caution 
in order to avoid negative health consequences. According to Fiatarone Singh et al (2000) 
during a randomized controlled trial in a North American nursing home, the residents 
decreased their daily intake of whole foods when they were on supplements. Also, 
geriatricians do not prefer to prescribe extra pills for their patients unless there is a clear 
benefit and to avoid polypharmacy (Viveky et al., 2012). Moreover, it is well known that 
older adults usually take multiple medications; therefore, this raises other issues, such as 
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potential drug-nutrient interactions and nutrient-drug interactions (Dunne & Dahl, 2007). 
However, it is also common for institutionalized older adults to take nutritional 
supplements (Viveky et al., 2012; Sloane, Ivey, Helton, Barrick & Cerna, 2008). Even 
though some health care plans do not cover the entire supplement spectrum, and some do 
not cover minerals (Wendland et al., 2003), some LTC facilities provide a vitamin D 
supplement to all their residents. 
 
2.5 Dietary Assessment Methods 
Many methods have been used in various research settings to estimate the dietary 
intake of specific populations. Some of the methods used to collect data for nutrient 
intakes are 24-Hour Recall, Food Records (one to seven days), Food Frequency 
Questionnaires, and Diet History Questionnaires (Lee & Nieman, 2007; Gibson, 2005). 
All of these techniques have strengths and limitations. The Food Records method, which 
was used in the present study, is be discussed in detail below. 
2.5.1 Three Day Food Records (Self Administered/Assisted Food Records). 
Estimated Food Records are used when the portion sizes are estimated; however, when 
the portion sizes are weighed, Weighed Food Records are used (Johnson, Yon, & Hankin, 
2007; Gibson, 2005; Gibson, 1993). The weighed method, which includes weighing 
ingredients, portion sizes, and food waste, is considered to be the most reliable means of 
measuring food intake, because it best represents the actual intake (Lengyel et al., 2008; 
Lee & Nieman, 2007; Gibson, 2005). However, it is difficult to apply this method in 
settings like restaurants or common dining areas (Johonson et al., 2007). While the 
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Estimated Food Record is considered less accurate than the Weighed Food Record, this 
method is preferred for collecting group intake data, while Weighed Food Records are 
preferred for collecting the intake of individuals. Estimated Food Records are also 
considered less burdensome on participants (Lee & Nieman, 2007; Gibson, 2005). 
In general, food records have many advantages, mainly that they do not rely on 
memory and they can be used as a reference/standard to validate other dietary methods. 
However, this method also has some limitations: 1) it entails having a specific time 
period to collect the data, which may not be suitable for all participants especially if there 
are some conditions that interfere with data collection (e.g. travelling, eating in a 
restaurant) (Johnson et al., 2007); 2) it is mostly used for cross sectional data collection 
(Cameron & Staveren, 1988), so it is not representative for intake in the past; 3) it is 
difficult to use in a large population; 4) over three to seven consecutive days, the diet 
record may not reflect actual variability in the diet (Johnson et al., 2007); 5) it is not a 
suitable method for illiterate participants; 6) it may influence the diet intake of the 
participants (e.g. they may skip a snack or eat simpler food to make it easier to record, 
thereby causing underestimated energy intakes), etc. (Johnson et al., 2007; Lee & 
Nieman, 2007; Gibson, 2005; Gibson, 1993). 
When using the Estimated Food Records or Weighed Food Records method, it is 
beneficial to choose non-consecutive days to overcome day-to-day similarities (Gibson, 
2005; Gibson, 1993).  Also, weekend eating patterns may not be the same as weekday 
eating patterns; therefore, it is important to include weekends and to cover different 
seasons to give a truer estimate of usual intake (Gibson, 2005; Gibson, 1993). In general, 
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a Three Day Food record is preferred for this population; however, the time burden for 
the participants must also be considered (Keller, 1993).  
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2.6 Dietary Reference Intake (DRIs)  
DRIs are used to assess intake and to plan diets for individuals and groups 
(Institute of Medicine, 2006). For group food intake assessments and food planning, as 
with LTC and RC residents, the Estimated Average Requirement (EAR) values are used. 
However, some nutrients do not have EAR values, such as vitamin K, potassium, and 
sodium. When an EAR has not been determined for a nutrient and there is no RDA for 
this nutrient, the AI can be used. Both EAR and AI can be used for groups to estimate the 
prevalence of inadequate intakes (Lee and Nieman, 2007; Institute of Medicine, 2006). 
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CHAPTER 3 
METHODOLOGY 
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3.1 Ethics Approval: 
The study was approved by the Western University Review Board for Health 
Sciences Research (see Appendix A). 
3.2 Study Design: 
A cross sectional study was conducted in a convenience sample of males and 
females between the ages of 55 and 100 years living in a RC in London, Ontario.  
3.3 Sample Size: 
In an effort to obtain an adequate number of participants in this study, the following 
formula was used to calculate the sample size:  
n= (
 	  
  	   

 
/   
             (Johnson et al., 2007) 
When using calcium (a nutrient commonly found to be inadequate in this 
population) as a fixed value in the equation, the calculated sample size was 24, and when 
a convenience sample of 87 residents was used, the total number of participants was 25. 
3.4 Participant Recruitment: 
The RC’s administrators/staff assigned codes to all 87 residents of the RC and 
distributed the study information packages to them. Thus, only the RC’s 
administrators/staff were able to match residents’ codes with their names. Study 
Information packages contained a) a Letter of Information and b) a Health Questionnaire, 
in 14 font (see Appendix B, C). The three day food Records were distributed at the study 
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orientation session for this community (see Appendix D), section 3.9 describes the 
records in details. At the end of the study, the administrators/staff returned the analysis of 
the three day food records to the RC residents who requested it. 
Filling out the Health Questionnaire was regarded as the resident’s indication of 
their consent to participate in the study. All participants were asked to return the 
completed Health Questionnaire during the study orientation session, which was held one 
week following the Study Information package distribution. The orientation was led by a 
Registered Dietitian (RD) experienced in LTC and the study investigators, and was 
intended to inform the residents about of the nature of their participation in the study and, 
using a sample food record, to teach them how to fill out the Three Day Food Records.  
3.5 Inclusion and Exclusion Criteria: 
All 87 residents of the RC were eligible to voluntarily participate in the study.  
3.6 Research Assistant Recruitment: 
Flyers were posted in the retirement facility and at Brescia University College 
(see Appendix E). Two research assistants were recruited for the study. The research 
assistants were interviewed by a member of the research team Ohood Alharbi (OA) 
regarding their experience using the ESHA Food Processor®, as well as collecting data 
from older adult population.  
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3.7 Data Collection 
During the study orientation session, the study investigators explained the nature 
of the study and the RD explained, in detail, how to fill out a three day food record. The 
participants were given a sample Food Record sheet and asked to record what they ate 
that day. During this activity, they were encouraged to ask questions about how to fill out 
the sample sheet. The RD and the investigators were available to help the participants to 
adapt to the process of filling out the food records, and to answer their questions. 
Subsequent to this exercise, only the participants who returned the Health Questionnaire 
were provided with three day food record forms and were asked to bring these forms with 
them on the days of data collection, which were scheduled for three non-consecutive days 
the following week.  
At the end of the session, the participants were asked if they would need an 
assistant to help them fill out the three day food record at mealtimes, and a research 
investigators or research assistants was assigned where needed. The staff then informed 
the residents of the dates for the three day food record data collection. Thus, investigators 
only used de-identified data from the coded Health Questionnaire and three day food 
record for data analysis. 
The Simple Measure of Gobbledygook Guide (SMOG) (Centre for Disease 
Control and Prevention, 2009) was used to guide the design of both the Health 
Questionnaire and instruction for filling out the three day food record forms. This was 
done in order to develop a questionnaire/statement at a reading concentration of older 
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adults that could readily be understood by the residents. The font size of the Health 
Questionnaire was 14 to facilitate readability by this age group.  
3.8 Health Questionnaire: 
The 21-item Health Questionnaire developed for this study (see Appendix C) was 
divided into six sections: a) demographic data; b) health conditions; c) dietary 
supplements; d) milk products consumption; e) sun exposure; f) and physical activity. 
The aim of the Health Questionnaire was to collect demographic and other health-related 
information.  
In the demographic data section (Section A), DRI age group classifications were 
applied, where the recommendations classify older adults into two groups: 55-70 years 
old, and >71 years old. Sex information was collected, because some of the nutrient 
recommendations are age- and sex-based. Furthermore, questions about height and mass 
were included in order to calculate participants’ Body Mass Index (BMI). Self-reported 
heights and weights were subsequently confirmed by RC staff using resident chart data.  
In section B, Health Conditions, questions were asked regarding diagnosed 
chronic diseases, particularly those that were diet-related health conditions, such as 
diabetes, HBP, cardiovascular disease, allergies, etc., and regarding prescribed 
medications. Information about the number and the name of the prescribed medications, 
these were collected because there is a wide range of potential drug-nutrient interactions.  
The dietary questions (section C) only asked about the number of times the 
participants consumed Milk and Milk Alternatives per day.  Moreover, this information 
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helped determine whether or not they were ‘milk drinkers’, food and beverages items 
known as 'excellent sources’ of calcium and vitamin D.  
Section D, which targeted dietary supplement intake, had specific questions about 
vitamins, minerals, and herbal supplements. A question about omega-3 supplements was 
also included in this section. These questions were included in order to obtain more 
complete diet intake records.  
In section E, there were six questions about the participant’s sun exposure/habits. 
The questions in this section were adapted from various studies in the literature which 
assessed sunlight exposure, thus, the potential for vitamin D synthesis. 
The last section in the Health Questionnaire, section F, was about physical 
activity. In it were seven questions based on the Canadian Physical Activity Guidelines 
for Older Adults 65 Years & Older (Canadian Society for Exercise Physiology, 2012).   
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3.9 Three Day Food Records (Self Administered/Assisted Food Records) 
This method was chosen mainly because it does not rely on memory. Although 
this method has some limitations (see section 2.5.1), the research team worked to reduce 
them by assisting those who needed help filling out the food records during mealtimes 
(breakfast, lunch, and dinner) in the congregate dining room of the facility. 
Three non-consecutive days were chosen for data collection through an agreement 
with the food services management of the RC. The management notified the participants 
about these three data collection days. The RC food service manager provided a copy of 
the menu to all participants to help them write down the food item descriptions. 
Furthermore, a food portions guide was provided to the investigators to help them double 
check the quantities of the food items provided at mealtimes to residents. 
The RC uses a 21-day menu cycle, which provides two options for lunch and 
dinner. However, when the residents did not show an interest in any of the two options, 
they also had the choice to ask about a third option that was not on the menu. In such 
cases, the food service manager provided the investigators with the information about 
these other meal choices.  
Data collection started at 7:00am, and finished at 7:00pm each day of the three 
days of food record data gathering. The investigators, along with research assistants, 
observed the meals and filled out the three day food records for those who requested their 
help. Fourteen participants requested assistance to fill out their food records. The 
investigators also observed the other participants filling out their food records on their 
own and provided help when needed. The participants were reminded to add snacks eaten 
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between meals and to record additional fluid consumption including amount consumed 
when taking their medication. Participants were very cooperative and informed the 
investigators when they were planning to eat off premises with their families or in their 
apartments. In such cases, the investigators reminded them to record the details of those 
meals and followed up with them at the next meal.  
All hard copies of the Three Day Food Record for the participants who requested 
assistance in filling them out at meal times were stored daily in a locked cabinet at 
Brescia University College along with previous completed Health Questionnaires. 
Following the three day data collection, all hard copies of the Three Day Food Record 
were stored in the same locked cabinet.  
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3.10 Data Analysis: 
3.10.1 Health Questionnaire. All data from the Health Questionnaire were tabulated 
using SPSS (version 19.0, 2010, SPSS Inc., Chicago, IL) for statistical analysis (see 
below). Data entry at this step was doubled checked by a research assistant for accuracy. 
Regarding physical activity, one of the investigators (OA) measured, with help from the 
food service manager using coded participant information to locate residents’ apartments, 
the distance between the dining room and the participants’ apartments. These distances 
were then used to calculate total and average distances walked per day and to estimate the 
average amount of time spent walking to and from their meals. 
3.10.2 Three Day Food Record. The Three Day Food Record were analyzed using 
the ESHA Food Processor® (version 10.9 ESHA Research Salem OR). The Canadian 
nutrient file and, where appropriate, actual product nutrient information was used to 
complement the data set.  Menu items were keyed into the software program by one of 
the investigators (OA) and subsequently doubled checked by a trained research assistant 
for accuracy. After running the analysis, all ESHA analysis results were tabulated using 
SPSS for statistical analysis. This step was also doubled checked by a trained research 
assistant.   
To compare the participants’ food intake to the CFG, one member of the research 
team (OA) converted all Three Day Food Record information into food-guide-servings 
for Vegetables and Fruit, Grain Products, Milk and Alternatives, Meat and Alternatives, 
and Fats and Oils. The information was then tabulated using SPSS for statistical analysis 
(see below). For accuracy purposes, a trained research assistant doubled checked the 
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calculations and conversion steps by repeating the whole process and verified the final 
results with one of the investigators (OA).  
 
3.11 EAR Cut-Point Method 
The EAR cut-point method outlined in the DRI Dietary Reference Intakes: The 
Essential Guide to Nutrients Requirements (2006) was used to estimate the prevalence of 
inadequate intake of micro-nutrients among the residents (Institute of Medicine, 2006). 
This method entails comparing all individuals’ nutrient intakes to the EAR value to 
calculate the prevalence of inadequate intake. However, potassium, vitamin A, and 
sodium do not have an EAR value; therefore, comparison to the AI was used for 
potassium and sodium, and comparison to the RDA was used for vitamin A (because 
there is no EAR value available for vitamin A in IU). In addition, sodium was the only 
nutrient that was also compared to the UL, because it is consumed at relatively high 
quantities by most of the Canadian population including those in this age group. When 
comparing individual’s nutrient intake to the AI, RDA and the UL, a method that is 
similar to the EAR cut point method was used as outlined by Institute of Medicine 
(2006).   
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3.12 Estimated Energy Requirement (EER) and Acceptable Macronutrient 
Distribution Ranges (AMDRs) to assess Energy, Protein, Carbohydrate and Fat 
Intake 
The EER-DRI value was calculated for the female and the male groups using the 
table from the Dietary Reference intake for Energy, Carbohydrate, Fiber, Fat, Fatty 
Acids, Cholesterol, Protein, and Amino Acid (2002) (See Appendix F). This value was 
calculated using the mean values of the residents’ BMI, heights and weights, and the 
average amount of physical activity. Using the average age of each group, 7 kcal for each 
year over 30 years old for females; and 10 kcal for each year over 30 years old for males 
was subtracted from the EER-DRI value.  These two values were then used as reference 
values for an adequate energy intake for the female and male residents.   
To determine inadequate intake of macronutrients, the mean intake of protein, 
carbohydrate and fat was compared to the AMDR ranges for these respective nutrients 
(i.e. 10% - 35% for protein, 45% - 65% for carbohydrate, and 20% - 35% for fat). In 
addition, a single sample t-test was preformed to compare the residents’ intakes to the 
EAR value for grams of protein, grams of carbohydrate and millilitres of water. 
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3.13 Target Intakes for Residents in This Particular Retirement Community  
3.13.1 Target Intakes for Nutrients with Normal Intake Distributions               
EAR + (Z X SD usual intake) 
EAR = Estimated Average Requirement 
Z      = Statistical value (tool) to determine area under the normal distribution  
SD   = Standard deviation of intake for participant population  
Example:  
Thiamin EAR = 1.0 
SD thiamin usual intake = 0.19 
Z = 1.88 
Target Intake = 1.0 + (1.88 X 0.19) = 1.36  
3.13.2 Target Intake for Nutrients with Skewed (not normal) Intake 
Distributions               
(Median – Intake at the 3rd percentile) + EAR 
Example: 
 
Vitamin B6 EAR = 1.4 
Vitamin B6 median intake = 1.5 
Intake at the 3rd percentile = 0.79 
Target Intake = (1.5 – 0.79) + 1.4 = 2.1 
For a full list of calculated Target Intakes see Table 4.5 section 4.3.5. 
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Target Intakes have been calculated using the method outlined in DRI Dietary 
Reference Intakes: The Essential Guide to Nutrients Requirements (2006) (Institute of 
Medicine, 2006). In the case of nutrients that were normally distributed (thiamin, niacin, 
vitamin B12, folate, vitamin C, vitamin A, calcium, potassium, magnesium, sodium, 
phosphorus, zinc, iron), two standard deviations of nutrient intake have been added to the 
EAR value. On the other hand, when the nutrients were not normally distributed (vitamin 
B6, riboflavin, vitamin D) the difference between the third percentile and the median 
intake was added to the EAR value to calculate the Target Intake. The EAR value for 
males has been used in this calculation because the male’s EAR value for some nutrients 
is higher than that of females, thus, the Target Intake will be adequate for both groups 
(Lengyel et al., 2008).   
 
3.14 Statistical Analysis 
Data from the Health Questionnaire were tabulated and analyzed using SPSS 
(version 19.0, 2010, SPSS Inc., Chicago, IL) descriptive analysis software. Average 
nutrient intakes based on food records were compared to the IOM nutrient 
recommendations, and CFG using the single sample t-test procedure in the SPSS 
program, and a p-value of less than 0.05 indicated a significant difference between the 
reference value and the group intakes.  
The mean of the participants’ three day food record (see Appendix G) was 
compared to the specific EAR for their age and sex. However, when an EAR was not set 
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by the IOM for some nutrients (i.e., potassium, sodium, vitamin A) the AI or RDA was 
used.    
One of the male participants was 64 years old, and he was the only male in the 55 
to 70 year old age group. The rest of the participants were more the 70 years old, thus, 
due to the fact that the comparison group was 71 years or older based on DRI categories, 
this participant could not be included in the Three Day Food Record analysis. However, 
he was included in the comparison with the recommended number of food-guide-servings 
in the CFG, because the comparison age group for that analysis is 51+ was for both males 
and females.  
 
3.15 Privacy and Confidentiality: 
All hard copies of Health Questionnaires and food records were stored in a locked 
filing cabinet, accessible only to the principal and co-investigator. Note that only the 
RC’s administrator/staff members had the master list linking the data with individual 
residents. They were thus able to consult this master list to return food record results to 
those who requested them.  
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CHAPTER 4 
RESULTS 
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4.1 Health Questionnaire: 
4.1.1 Demographic data. Twenty-five participants completed the 21 Item Health 
Questionnaire. The average age ± SD of the participants was 86 ± 8.1 years old. Females 
represented 72% of the participants. Only two participants were under 70 years old. 
These two participants were not included in the Three Day Food Records analysis, 
because one didn’t provide Food Records, and the other was excluded because the 
comparative group was over 70 years old. 
 The mean BMI value for females was 25.6 ± 4.6 / and for males was 26.0 
± 5.3. /. Just above 50% of the participants’ BMI values fell between (18.5-24.9 
kg/), while 28% had a BMI between (25-29.9 kg/), and the remaining 20% had a 
BMI between (30-39.9 kg/). 
4.1.2 Health conditions. The top four nutrition-related health conditions reported, 
in descending order, were: HBP (56%), Cardio-/Cerebro-vascular Disease (44%), Food 
Allergies (32%), and Type 2 Diabetes (20%) (Figure 1). All the residents were taking 
prescribed medicine; 76% were taking 5 or more medications per day (a concentration of 
intake considered polypharmacy), but only two reported as many as 20 per day. 
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Figure 1 
Health Conditions of Residents in the Retirement Community (n=25)  
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Health Conditions
High Blood Pressure (56%)
Cardio-/Cerebro-vascular 
diseases (44%)
Food Allergy / Sensitivty 
(32%)
Diabetes Mellitus type 2 
(20%)
Asthma (20%)
Osteoporosis (16%)
Respiratory/Lung Disease 
(16%)
Milk Intolerance (8%)
High Cholesterol (4%)
Diabetes Mellitus Type 1 
(4%)
Kidney/Renal Disease (4%)
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4.1.3 Milk Alternatives and Nutritional and Herbal Supplement Intake.           
Nine participants reported consuming Milk and Alternatives 3 times or more per day. 
Two thirds (68%) were taking vitamin D supplements; 40% were taking a calcium 
supplement (note that all of those who took calcium supplement were also taking a 
vitamin D Supplement); 28% were taking vitamin a B12 supplement; while 25% were 
taking multi-vitamins / -minerals supplements. Less than one quarter were taking other 
nutritional supplements including vitamin C, B-complex vitamins, vitamin E, folic acid, 
iron, potassium, selenium, omega-3, and herbal supplements. Overall 84% were taking 
vitamin/mineral supplements. 
4.1.4 Sunning practices. Twenty-four percent of the participants reported 
spending some time outside every day during the summer, and 56% spent some time 
outside 3 days or more per week. Of those who spent some time outside, 28% were 
outside between 9:00-11:00 am, but only a few were outside between 11:00 am – 3:00 
pm, and just over 20% were outside between 5:00-7:00 pm. Also, a few of the 
participants indicated they spent time outside more than once per day. Moreover, 68% of 
the participants remained outside for 20 minutes or more on any given occasion, whereas 
just over 16% stayed outside for 10 minutes or less. Three residents indicated that they 
tried to avoid sun exposure while outside during warm weather; 40% of the participants 
reported that they covered both arms and legs; and 24% indicated that they only shaded 
their face, 12% reported covering both arms and legs and wore hat to shade their faces. 
Forty percent of participants didn’t wear a hat to shade their face, 24% didn’t cover their 
arms and legs when they were outside.  Furthermore, 44% didn’t use sunscreen at all 
when they were outside; 48% didn’t use it on their face, 52% didn’t use it on their arms, 
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60% didn’t use it on their legs, and 64% didn’t use it on the rest of their body. In 
addition, only two male residents indicated that they deliberately sunbathed more than 
once a week.   
4.1.5 Physical activity. Fifty two percent of residents indicated that they used a 
walker. Only one participant (93 years old) spent some time doing some vigorous 
physical activity during the week (e.g., jogging, aerobics, fast dancing) while 56% 
percent reported spending between 30-120 minutes per week per week engaged in 
moderate cardio/aerobic physical activities (e.g., brisk walking, water aerobics, dancing, 
treadmill), and only two residents spent two and a half hours per week performing 
moderate amount of physical activities, thus, meeting the Physical Activity Guidelines 
for Older Adults - 65 years and older. However, 24% reported that they did not do any 
type of moderate cardio/aerobic physical activities at all. While two males performed 
muscle strengthening exercises 1 or 2 days per week, 6 females did so between 2 to 5 
days per week; thus, 32% overall performed muscle strengthening exercises at least 1-2 
days per week. Forty-eight percent (4 males and 8 females) engaged in bone 
strengthening exercises, such as walking, two days per week, while only three residents 
engaged in physical activities to maintain / improve their balance. When they were asked 
if they did any kind of activities not mentioned in the Health Questionnaire, four reported 
being in physiotherapy sessions between 2-3 days per week. Also, six reported that they 
walked the corridors of the facility every day, while one stated that they “sit and stand to 
strengthen back and legs”. It is also important to note that measurements taken by one of 
the researchers (OA) showed that the participants walked between 260 and 830 meters 
per day from their apartments to the dining room and back for their regular meals; thus, 
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on average they walked 490 meters (about one half a kilometer) per day for their meals. 
Based on these distances, it is estimated that residents spent on average of 8 minutes per 
day making their way to and from the dining room for meals. 
4.2 Three Day Food Records Compared to Eating Well with Canada Food Guide 
Recommendations for ≥ 51 Years Old (Table 4.1): 
4.2.1 Vegetables and Fruit. The average intake of this food group by females 
was not significantly different from their sex-specific recommendation (6.6 vs 7 
servings), but males consumed significantly less than the recommendations for them (5.3 
vs 7 servings). 
4.2.2 Grain Products. Both groups consumed significantly less than their sex-
specific recommended intake for this food group, females (3.3 vs 6 servings); and males 
(3.2 vs 7 servings). 
4.2.3 Milk and Alternatives. Both groups consumed significantly less than their 
sex-specific recommendations for their age group; females (1.7 vs 3 servings) and males 
(1.4 vs 3 servings). 
4.2.4 Meat and Alternatives. There was no significant difference between the 
intake of this food group by females (1.9 vs 2 servings), but males consumed 
significantly less than their sex-specific recommendations (2 vs 3 servings). 
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Table 4.1  
Average Three Day Food Records Results Compared to Eating Well with Canada’s 
Food Guide for Females (n=13) and Males (n=5) 
 Recommended 
Servings 
Mean 
Intake ± std 
t Significant  
(2-tailed) 
p 
95% Confidence 
Interval of the 
Difference 
Vegetables and 
Fruit 
Grain Products 
 
Milk and 
Alternatives 
Meat and 
Alternatives 
F (7) 
M (7) 
F (6) 
M (7) 
F (3) 
M (3) 
F (2) 
M (3) 
6.6 ± 1.77 
5.3 ± 1.3 
3.3 ± 1.03 
3.2 ± 1.9 
1.7 ± 0.77  
1.4 ± 0.95 
1.9 ± 0.8  
2.0 ± 0.67 
- 0.743 
- 3.01 
-9.31 
- 4.47 
- 6.0 
- 3.78 
-0.43 
-3.5 
0.472 
0.039* 
< 0.001* 
0.011* 
< 0.001* 
0.025* 
0.673 
0.019* 
-1.44, 0.71 
- 3.36,-0.14 
-3.28, -2.04 
- 6.16, - 1.44 
-1.74, -0.81 
- 2.77,- 0.43 
-0.58, 0.39 
- 1.88, - 0.22 
*statistical significance p ≤ 0.5 
4.3 Three Day Food Record Results compared to the Dietary Reference Intakes 
(DRI) for Energy, Carbohydrate, Protein, and Total water intake (Table 4.2): 
4.3.1 Energy. Both groups met or surpassed their energy requirements (see Table 
4.2). In fact, females reported consuming significantly more energy (374 kcal) than what 
is recommended for them.  
4.3.2 Carbohydrates. Both groups consumed significantly more than the EAR 
value for their age group, > 70 years old.  
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4.3.3 Protein. Both groups consumed significantly more than the EAR 
recommendations for their sex. 
4.3.4 Total Water. Both groups consumed significantly less than the 
recommended amount of Total Water for their sex. In fact, females were consuming close 
to one liter less than their recommendations while males were consuming close to two 
liters less than what is recommended for them. 
When their Three Day Food Record results were compared to the AMDR (see 
Table 4.3), they were within the normal range for carbohydrate (52.7%), protein (14%), 
and fat (32.9%). Over all, the macro-nutrients intake fell within the AMDR but Total 
Water fell short of the recommendations for their sex.  
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Table 4.2 
 Average Three Day Food Record Energy, Protein, and Carbohydrate Compared to 
the DRIs for Both Groups Females (n=13) and Males (n=5) 
 Mean Intake ± std t EER/ 
EAR/ 
AI 
Significant 
(2-tailed) 
p 
95% Confidence 
Intervals of the 
Difference 
Energy (kcal)¹/(kJ) 
 
 
 
Carbohydrate (g)² 
 
Protein (g)² 
 
Total Water (ml)³ 
F     1957.06 ± 420 
       (8219.65 ±1764) 
M    1775.25 ± 466.78 
    (7456.05 ± 1960.48) 
F     264.17 ± 61.58 
M    222.39 ± 76.85 
F     68.13 ± 12.87 
M    69.05 ± 14.28 
F     1863.78 ± 265.81 
M    1799.36 ± 545.34 
3.2 
0.5 
 
 
9.61 
3.56 
8.49 
3.61 
-11.34 
-7.79 
1583 
1621 
 
 
100 
100 
38 
46 
2700 
3700 
0.007* 
0.739 
 
 
< 0.001* 
0.024* 
< 0.001* 
< 0.001* 
< 0.001* 
0.001* 
120.25, 627.87 
-425.33, 733.82 
 
 
126.96, 201.39 
26.97, 217.82 
22.53, 38.09  
5.31, 40. 79 
-996.84, 675.58 
-2577.76, 1223.50 
1) Estimated Energy Requirements (EER) for men and women based on Dietary Reference intake for 
Energy, Carbohydrate, Fiber, Fat, Fatty Acids, Cholesterol, Protein, and Amino Acid (2002) 
2) Estimated Average Requirement  for men and women based on Dietary Reference intake for Energy, 
Carbohydrate, Fiber, Fat, Fatty Acids, Cholesterol, Protein, and Amino Acid (2002) 
3) Adequate Intake (AI) for Total water for men and women based on  Dietary Reference intake for  water, 
potassium, sodium, chloride, sulfate (2005) 
*statistical significance p≤ 0.5  
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Table 4.3 
Food Intake Compared to the AMDR: 
 
Macronutrient Mean Intake (g) Mean Intake (%) AMDR Range 
Carbohydrate  
Protein  
Fat 
66.6 
252.6 
69.8 
52.7 
14.0 
32.9 
45% - 65% 
10% - 35% 
20% - 35% 
 
4.3.5 Micro-nutrients. Although the participants were found to be consuming 
adequate intakes for the macronutrients, they were not getting an adequate amount of 
many of the micronutrients.  The prevalence of inadequate intakes for females and males, 
respectively, that exceeded 50% were as follows: potassium (100 %, 100%), vitamin D 
(100%, 80%), calcium (84%, 80%), magnesium (61%, 80%), zinc (38%, 80%), fiber 
(46%, 80%), folate (69%, 60%) (see Table 4.4). However, 44% (females 33.3 %, males 
11.1%) of the residents also consumed more than the Tolerable Upper Intake 
concentration (UL) for sodium.  
Almost all of the residents were not meeting the calculated Target Intake (as 
described in Methodology section 3.14) for almost all the micronutrients (see Table 4.5). 
In fact, 100% of the participants did not meet the Target Intake for the following six 
micronutrients: vitamin D, calcium, magnesium, potassium, zinc, and folate; however 
only vitamin D was not normally distributed. The Target Intakes for five other 
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micronutrients that were not met by 50 to 87.5% of the participants were: thiamin, 
vitamin B6, vitamin C, vitamin B12, and phosphorus; however only vitamin B6 was not 
normally distributed. Also, less than 50% of the participants did not meet the Target 
Intakes for the remaining micro-nutrients.  
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Table 4.4 
 The Prevalence of Inadequate Intake of Micronutrients and Fibre for Females 
(n=13) and Males (n=5) 
 
 EAR/AI/RDA No. of Participants 
who had Inadequate 
Nutrient Intakes 
Prevalence of 
Inadequacy 
Normally 
distributed nutrients  
Thiamin (mg/d)  
 
 
Niacin (mg/d) 
 
 
Vitamin A¹ (µg/d) 
 
 
Vitamin B12 (µg/d) 
 
 
Vitamin C (mg/d) 
 
 
Folate (µg/d) 
 
 
Calcium (mg/d) 
 
 
Iron (mg/d) 
 
Magnesium (mg/d) 
 
Potassium² (mg/d) 
 
 
 
F      0.9 
M     1.0 
 
F      11 
M     12 
 
F  3000 
M 3000 
F     1.3 
M    1.4 
 
F      60 
M     75 
 
F    320 
M   320 
 
F  1000 
M 1000 
 
F        5 
M       6 
F   265 
M  350 
F   580 
M  580 
 
 
3 
2 
 
0 
0 
 
4 
2 
 
0 
0 
 
2 
0 
 
9 
3 
 
11 
4 
 
0 
0 
8 
4 
0 
0 
 
 
23% 
40% 
 
0 
0 
 
30% 
40% 
 
0 
0 
 
15% 
0 
 
69% 
60% 
 
84% 
80% 
 
0 
0 
61% 
80% 
0 
0 
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Table 4.4 
 The Prevalence of Inadequate Intake of Micronutrients and Fibre for Females 
(n=13) and Males (n=5) (Cont.)  
 
 EAR No. of Participants 
who had Inadequate 
Nutrient Intakes 
Prevalence of 
Inadequacy 
Cont. Normally 
distributed nutrients  
Phosphorus (mg/d) 
 
 
Zinc (mg/d) 
 
 
Sodium³ (mg/d) 
 
 
Fibre (g/d) 
 
 
 
 
F  4700 
M 4700 
 
F     6.8 
M    9.4 
 
F  1200 
M 1200 
 
F      21 
M     30 
 
 
 
 
13 
5 
 
5 
4 
 
0 
0 
 
6 
4 
 
 
 
 
100% 
100% 
 
38% 
80% 
 
0 
0 
 
46% 
80% 
 
Abnormally 
distributed nutrients  
Riboflavin (mg/d) 
 
Vitamin B6 (mg/d) 
 
Vitamin D (µg/d) 
 
 
F     0.9  
M    1.1 
F     2.0 
M    2.0 
F      10 
M     10 
 
 
 
0 
0 
5 
2 
13 
4 
 
 
0 
0 
38% 
40% 
100% 
80% 
1) Due to the absence of an EAR value for vitamin A, RDA value was used for this nutrient 
2) Due to the absence of an EAR value for Potassium, AI value was used for this nutrient   
3) Due to the absence of an EAR value for Sodium, AI value was used for this nutrient                                                                                                                             
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Table 4.5 
Percentage of Participants Not Meeting the Target Intakes (n = 16) 
 
Normally and 
Abnormally 
distributed nutrients 
Target Intake No. of Participants 
Not Meeting the 
Target Intake 
Percentage of 
Participants Not Meeting 
the Target Intake 
Thiamin (mg/d)  
Niacin (mg/d) 
Vitamin B12 (mg/d) 
Vitamin C (mg/d) 
Folate (µg/d) 
Vitamin A¹ (µg/d) 
Calcium (mg/d) 
Iron (mg/d) 
Magnesium (mg/d) 
Phosphorus (mg/d) 
Potassium² (mg/d) 
Sodium³ (mg/d) 
Zinc (mg/d) 
Riboflavin (mg/d) 
Vitamin B6 (mg/d) 
Vitamin D (µg/d) 
1.38 
17.5 
4.4 
169.8 
504.8 
3000 
1418.3 
11.2 
438.4 
879.9 
4700 
< 2300 
11.9 
1.5 
2.0 
11.4 
14 
3 
11 
13 
16 
6 
16 
6 
16 
8 
16 
8 
16 
7 
13 
16 
87.5% 
18.8% 
68.8% 
81.8% 
100% 
37.5% 
100% 
37.5% 
100% 
50% 
100% 
44.4% 
100% 
43..8% 
81.3% 
100% 
1) Due to the absence of an EAR value for vitamin A, RDA value was used for this nutrient 
2) Due to the absence of an EAR value for Potassium, AI value was used for this nutrient   
3) Due to the absence of an EAR value for Sodium, AI value was used for this nutrient                                                                                                                                                                                                                
. 
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CHAPTER 5 
DISCUSSION 
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5.1 Demographic Data 
Out of 87 residents, 25 participated in this study (response rate 28.7%), close to 
three quarters were females, and all but two of the participants were 71 years and older 
(the mean ± SD age was 86 ± 8.1 years). These results were not surprising, according to a 
2010 Canada Mortgage and Housing Cooperation (CMHC) Survey (2011) of close to 
45,000 residents in RCs in Ontario, the percentage of residents aged 75 years and older 
was almost 90%. Similar to the results of the present study, recent Canadian studies 
conducted in LTC settings revealed that females made up the majority of residents, and 
almost all of the participants were more than 71 years old, with an average age of greater 
than 80 years (Lengyel et al., 2008; Johnson & Begum, 2008; Aghdassi et al, 2007). 
Mean BMI for both females (25.6 ± 4.6 /) and males (26.0 ± 5.3 /) 
fell within the “overweight range” (Government of Canada, 2003): however, the BMI of 
just over 50% fell within the healthy range (18.5 /-24.9 /), and no one was 
classified as underweight. These findings are similar to what was found in Canadian 
LTCs residents, where the mean BMI was 25.6 ± 5.7 / for females, and 25.1 ± 
4.9 / for males (Lengyel et al., 2008), and to the CCHS data cycle 2.2 for free-
living older adults where mean BMI for both females and males over 65 years, fell within 
the overweight range (Statistics Canada, 2005). It should also be noted, while the current 
underweight cut off used in Canada is ≤ 18.5/ (Government of Canada, 2003) 
many researchers suggest/argue that this cut off is not appropriate for this age group. 
According to the Seniors in Canada 2006 Report Card, the suggested BMI cut off for 
underweight of ≤ 22/ based on numerous epidemiological studies (Government of 
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Canada, 2006). However, while BMI is considered as a good indicator for adequate 
energy intake, according to Health Canada (2009a), it is not considered as a good 
indicator for inadequate micronutrient intake (Wendland et al., 2003). 
5.2 Health Conditions 
 In the present study, almost three quarters of the participants had two or more 
health conditions; just over half had HBP, close to half had cardiovascular disease, one 
third had a food allergy (e.g., dairy, shell fish), one fifth had type 2 diabetes mellitus, and 
about 15% had osteoporosis (see table 5.1). These findings are similar to what has been 
reported by the Canadian Institute of Health Information (2011) which indicated that 89% 
of free-living older adults in Canada and 75% in Ontario had at least one chronic 
condition. Furthermore, percentages in the present study are also quite similar to what the 
Canadian Institute for Health Information (2012) has reported for older adults in Ontario 
living in ‘residential care facilities’ (see Table 5.1). Similar to free-living older adults in 
Canada (≥ 65 years old), at least 57.6% were diagnosed with HBP (Public Health Agency 
of Canada, 2010a), and 22.6 % had heart diseases (Public Health Agency of Canada, 
2010b).  At least 20.7% were diagnosed with diabetes (Public Health Agency of Canada, 
2011), and 31.1% of females and 6.4% of males (71 years and older) were diagnosed 
with osteoporosis (Garriguet, 2011). Due to the presence of many chronic diseases among 
older adults, most, if not all, are on medications (Frazier. 2005). Thus, their food intake 
might be affected as a consequence of these health conditions and/or medications 
(Brownie, 2006), which could further negatively affect their health. 
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Table 5.1 
Prevalence of Nutrition-Related Health Conditions in the RC Residents in the 
Present study, and in ‘Residential Care Facilities’ in Ontario  
Prevalence of Nutrition-Related 
Health Conditions in The RC  in The 
Present Study 
% Prevalence of Nutrition-Related 
Health Condition in ‘residential care 
facilities’ in Ontario¹  
% 
High Blood Pressure (HBP)  
Cardi-/Cerebro-ovascular diseases 
Food Allergy 
Diabetes type 2  
Osteoporosis  
56% 
44% 
32% 
20% 
16% 
Hypertension  
Heart/circulation diseases  
All types of allergies  
Diabetes Miletus 
Osteoporosis 
53.5% 
69.3% 
26.6% 
25% 
25% 
1) Source: Canadian Institute for Health Information (2012). 
In the present study 100% of the participants took prescribed medications, 76% of 
whom took 5 or more per day (i.e., polypharmacy) and of this group 52% were females 
and 22% were males. Similarly, according to a Canadian study by Viveky et al (2012), 
the average prescribed medication intake among LTC residents was about 10 pills per 
day.  Also, according to Ramage-Morin (2009) almost all (≥95%) of the residents 
Canadian health care institutions were taking medications. More than half (53%) were 
taking five or more different medications within two days, however, no difference 
between the two sexes were indicated (Ramage-Morin, 2009).  Polypharmcy, or multiple 
medication use, is defined as “taking five or more different drugs in the past two days’ 
(Ramage-Morin, 2009).  Polypharmacy has also been linked to risk of 1) poor dietary 
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intake (Dewolfe & Millan, 2003; Griep et al., 2000), 2) malabsorption (Bownies, 2006), 
3) malnutrition (Bısttrım et al., 2011; Labossiere & Bernard, 2008), 4) mortality, 5) low 
quality of life, 6) institutionalization, 7) hospital admission, 8) and increase length of 
hospital stay (Frazier, 2005). Regarding the risk of malnutrition, a study conducted in a 
RC in Belgium found that residents who were at high risk of malnutrition were taking 
more medications than those who were not at risk (Griep et al, 2000).  Also, according to 
Frazier (2005), 70 – 80% of older adults have nutrition-related side effects due to taking 
multiple medications. Furthermore, according to Brownie (2006), 250 drugs have been 
reported to affect the taste of food or may leave a taste that may interfere with food 
consumption, some of which may have been consumed by the residents in the present 
study.  
Medications have also been reported to affect our sense of smell and body 
hydration, reduce salivary secretion, and disturb nutrient absorption, digestion, and 
excretion (Labossiere & Bernard, 2007; Brownie, 2006). About 40% of the participants 
in the present study, who obtained their medications from the RC nurse, were taking 
medications known to alter electrolyte blood concentration, nutrient absorption and/or 
secretion. Nutrients known to be affected by such medications include vitamin B12, 
folate, sodium, chloride, potassium, magnesium, calcium, and phosphorus. However, 
84% of the participants indicated taking some form of vitamin/mineral supplement and 
doing so may reduce the negative effects that medications might have on some of these 
nutrients. The percentage of participants (84%) taking vitamin/mineral supplements is 
higher in the current study than what has been observed among Canadian LTC residents 
(50%) (Viveky et al, 2011), and free-living Canadians >50 years old (64%); those who 
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are 51 – 70 years old (60%) for females and (40%) for males, and those who are 71 years 
and older (60%) for females and (45 %) for males (Vatanparast, Adolphe & Whiting, 
2010).   
 
5.3 Food intake According to Eating Well with Canada’s Food Guide 
Females in the present study consumed about two more servings of Vegetables 
and Fruit than free-living females of similar age, while males consumed about the same 
number of servings as their free-living counterparts (Garriguet, 2007). Participants also 
consumed a similar number of servings of Milk and Alternatives and Meat and 
Alternatives as free-living older adults (Garriguet, 2007). However, free-living Canadians 
of a similar age consumed one to two more servings of Grain Products than the 
participants in the present study (Garriguet, 2007). Moreover, females met their 
respective recommendation for Meat and Alternatives and Vegetables and Fruit while 
males did not. As shown in Table 4.1 of the results, both females and males consumed 
significantly less than the recommended number of servings for Milk and Alternatives for 
their respective sex. In fact, the prevalence of the participants who consumed less than 
the recommended three servings of Milk and Alternatives was 92.3% for females and 
100% for males, even though more than one third indicated on the Health Questionnaire 
that they consumed milk three or more times per day. 
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Table 5.2   
RC Residents’ Food Intake Compared to Free-Living Older Canadian Adults 
Recommended Number of 
Food Guide Servings Per Day 
for (+51) according to CFG¹ 
RC’s residents (≥ 55 years 
old) Food intake according to 
New CFG 
Canadian Older Adults (71 
years old) Food Intake² 
Vegetables and Fruits 
 (Female 7 ; Males 7) 
Grain Products  
(Female 6 ; Male 7) 
Milk and Alternatives  
(Female 3 ; Male 3) 
Meat and Alternatives  
(Female 2 ; Male 3) 
 (Female 6.6 ; Male 5.3) 
 
(Female 3.3 ; Male 3.2) 
 
(Female 1.7 ; Male 1.4) 
 
(Female 1.9 ; Male 2.0) 
(Female 4.8 ; Male 5.0) 
 
(Female 4.5 ; Male 5.6) 
 
Female 1.2 ; Male 1.4) 
 
(Female 1.9 ; Male 2.5) 
1) Source: Eating Well with Canada’s Food Guide, Health Canada (2007) 
2) Source:  Adopted from Canadian Community Health Survey (2004), (Garriguet, 2007) 
 
The recommended servings of Milk and Alternatives is three per day for those are 
50 years and older. This food group is especially important for older adults because it 
provides rich sources of calcium and vitamin D, both of which are important for bone 
health, and help to reduce the risk of developing osteoporosis (Institute of Medicine, 
2011). There is a high prevalence (25%) of osteoporosis in ‘residential care facilities’ in 
Canada (Canadian Institute for Health Information, 2012); however, in the present study 
only 16% (8% females and 8% males) of the participants were diagnosed with 
osteoporosis, but only two other residents in the present study indicated they had milk 
intolerance (see Table 5.1).  
67 
 
 
5.4 Comparison of Food Records to Dietary Recommended Intakes (DRI) for 
Macro-/Micro-nutrients, Water, and Fibre 
5.4.1 Energy, protein, carbohydrate, fat, and total water. In the present study 
the residents were consuming more than the EER for energy (kcal), and the EAR for 
carbohydrate (g), and protein (g), but were consuming significantly less than the AI for 
Total Water (ml), see Table 4.2 in Section 4.3. However, when we compared their intake 
to the respective AMDRs, they were within the AMDR ranges although protein was at 
the lower end, see Table 4.3 in Section 4.3. Our results were similar to what Aghdassi et 
(2009) al found in a recent Canadian LTC facility, and to a study in a U.S. RC (Nichols et 
al, 2002), see Table 5.3. Furthermore, in their study females and males consumed 125% 
and 104% of the energy recommendations, respectively, numbers not all that different 
from the present study (females 120% ; males 108%).  
According to Morley & Silver (1995), dehydration is common among 
institutionalized older adults, due, in part, to a decrease in the thirst response. The 
participants, in the present study, consumed significantly less total water than the 
recommendations for their age and sex, which may put them at an increased risk for 
dehydration. Also, untreated dehydration might cause constipation, postural hypotension, 
and delirium (Morley & Silver, 1995). Thus, it is important that both the residents and the 
food service staff ensure that the residents remain hydrated by attempting to meet the 
IOM recommendations for adequate total water intake of 2700 ml/d for females and 3700 
ml/d for males (Institute of Medicine, 2005).  
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Table 5.3 
Macronutrients Intakes of Residents Living in North American Institutions 
Study / Setting Carbohydrate (g) 
(AMDR%) 
Protein (g) 
(AMDR%) 
Fat (g) 
(AMDR%) 
Present study results 
in a  RC 
Aghdassi et al, 2007 
in a LTC 
Nichols et al, 2002 
in a RC 
252.6 
52.7% 
211.7 ± 50.8 
(56.3%) 
335 ± 4 
(55%) 
66.6 
14.0% 
57.8 ± 15.6  
(15.2%) 
73 ± 1 
(12%) 
69.8 
32.9% 
50.8 ± 15.5 
(30.0%) 
91 ± 8 
(33%) 
 
5.4.2 Micro-nutrient, fibre and supplement intakes, and sun habits. In the 
present study there was a high prevalence (>50%) of inadequate nutrient intakes for 
folate, vitamin D, calcium, magnesium, potassium, zinc, and fibre. Similar findings for 
many of these same nutrients were also observed in other studies in LTCs and RCs in 
Canada and elsewhere (see Table 5.4). Similarly, a Canadian study in free-living older 
adults attending seniors programs/community services reported that these individuals still 
had inadequate intakes for a number of these same nutrients (Dewolfe & Millan, 2003). 
Thus, in the present study, it appears that the high prevalence of inadequacy may be due, 
in part, to residents consuming less than the recommended number of servings for CFG 
and more than half used walker restricting their level of physical activity. 
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Table 5.4 
Prevalence of ≥50% of Residents with Inadequate Micronutrient Intakes in 
Canadian and International Studies 
Study Country Setting Nutrients  
Present Study 
Results in a RC 
 
Wendland et al., 
2003 
Aghdassi et al., 
2007 
Lengyel et al., 
2008 
 
Grieger & 
Nowson, 2007 
Nowson et al., 
2003 
Vikstedts et al., 
2011 
Woods et al, 
2009 
Nichols et al., 
2002 
Canada 
 
 
Canada 
 
Canada 
 
Canada 
 
 
Australia 
 
Australia 
 
Finland 
 
Australia 
 
United 
States 
RC 
 
 
LTC 
 
LTC 
 
LTC 
 
 
LTC  
 
LTC & RC 
 
RC 
 
RC 
 
RC 
 
folate, vitamin D, calcium, 
magnesium, potassium, zinc, and 
fibre. 
Thiamin, niacin, and calcium 
 
vitamin B6, folate, Vitamin E, 
calcium, magnesium, zinc, and fibre 
Folate, vitamin B6, vitamin C, 
vitamin D, vitamin E, calcium, 
magnesium, zinc, and fibre 
Energy, Folate, vitamin D, calcium  
 
Vitamin D, calcium, fibre 
 
Folic acid, vitamin D, vitamin E, fibre 
 
Folate, calcium, magnesium, zinc, 
fibre 
Vitamin D, calcium 
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5.4.2.1 Vitamin D. Even though 100% of females and 80% of males had an 
inadequate vitamin D intake, 68% of the participants took a vitamin D supplement for 
which the actual amount was not recorded. Vitamin D is the most common inadequate 
nutrient in institutionalized older adults’ dietary intake in Canada and elsewhere (see 
Table 5.4). The CCHS (2004) data revealed that free-living older Canadian adults aged 
71 years and older consume an average amount (females 5.3 µg/d ; males 6.3 µg/d) of 
vitamin D (Health Canada, 2009b). This is similar to the present study participants 
vitamin D mean intake (female 4.25 ± 1.7 µg/d; males 5.26 ± 3.6 µg/d) (see Appendix 
G). It is important to note that, aside from the present study, the Canadian studies in 
Table 5.4 were conducted before the release of the new recommendations set by IOM for 
vitamin D, which is 20 µg for those aged more than 70 years old (Institute of Medicine, 
2011) and before the 2007 CFG recommendation for everyone over 50 years to take a 
vitamin D supplement of 10 µg on a daily basis. Recent calculations by Whiting et al. 
(2011) confirmed that free-living Canadian older adults do not meet the new 
recommendations of 20 µg set by IOM for vitamin D. In the present study two thirds of 
the participants were taking vitamin D supplements, a number similar to what was also 
shown by Viveky et al (2012), and Hall, Denda and Yeung (2010) in Canadian LTC 
studies.  Although the vast majority of residents in both these settings were taking a 
vitamin D supplement, CFG recommends that all adults over 50 to take 10 ug (400IU) 
/day (Health Canada, 2007). Furthermore, with minimal sun exposure, they should all 
strive to achieve the 20 µg /day recommendation set by IOM through food, fortified 
foods, and/or supplements (Institute of Medicine, 2011). Moreover, in March 2010 
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Osteoporosis Canada also recommended that older adults 50 years and older consume 50 
ug (2000 IU) / day of vitamin D (Hanley et al., 2010).  
According to a statement by Osteoporosis Canada, vitamin D from food sources 
alone (3.7 – 5.9 µg / 148 – 236 IU) has a minimal influence on vitamin D status (Hanley 
et al., 2010). These food sources might include Vegetables and Fruits (e.g., mushrooms 
and orange juices fortified with vitamin D), Grain Products (contain very little of this 
nutrient), Milk and Alternatives (e.g., milk, yogurt fortified with vitamin D, cheese, 
cream, fortified skim milk powder, and fortified soy beverage), Meat and Alternatives 
(e.g., certain types of fish, organ meats such as liver, beef, pork, and eggs), and Fats and 
Oils (e.g., margarine) (Dietitians of Canada, 2010a; Canadian Nutrient File, Health 
Canada, 2010). Furthermore, a recent Canadian study revealed that optimum serum 
vitamin D concentrations were achieved when vitamin D supplements accounted for 56% 
of the total dietary intake (Baraké et al., 2010). According to Weeden et al (2010), 
Vitamin D supplements decreased the prevalence of inadequate vitamin D intake among 
healthy older adults in Australia from 100% to 50%. Due to the fact that there appears to 
be minimal influence of food sources of vitamin D alone on status, fortified food  as well 
as supplements probably will be necessary for older adults to meet the ‘new 
recommendations’ set by the IOM.  
5.4.2.2 Sunning Practices. In the present study, 56% of the participants spent 
some time outside three or more days per week, 68% spent 20 minutes or more on any 
occasion, 24% didn’t cover their arms and legs, and 40% didn’t wear a hat. In addition, 
28% spent some time outside between 9.00 and 11.00 am and a few between 11.00 am 
and 3.00 pm and the remainder spent time outside at other times. Also, while sun-screen 
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may reduce the amount of vitamin D synthesis on the skin, 44% of the participants didn’t 
use it at all.  According to Hanley et al (2010) and Holick (2007), older adults need as 
long as 18 minutes of sun exposure (anytime between 10:00 am and 3:00 pm twice a 
week without sunscreen) to 25 % of their body surface (e.g., arms and most legs) in order 
to obtain 25 µg (1000 IU) of vitamin D3. However, this is the time of day that according 
to both the Canadian Cancer Society (2012) and the Canadian Centre for Occupational 
Health & Safety (2012), during high concentrations (≥6) of UV index (between11:00 am 
and 4:00 pm), individuals should avoid sun exposure to prevent sun burn and skin cancer. 
Thus, it may be difficult to obtain vitamin D synthesized through sunlight while 
considering precautions for sun burn and skin cancer. One third of the participants in the 
present study exposed their arms and legs for at least 20 minutes during their time outside 
between 10:00 am and 3:00 pm more than twice a week, an amount of exposure 
apparently sufficient for adequate vitamin D synthesis. However, the remaining two-
thirds took steps to reduce sun exposure whenever they ventured outdoors. Therefore, 
most of the residents in this setting should strive to obtain the vitamin D 
recommendations through dietary intake as set out by the IOM, and the food service staff 
should ensure that these residents are able to meet the recommendations through the 
meals they serve.  
5.4.2.3 Calcium. Inadequate calcium intake is common among institutionalized 
older adults in Canada and elsewhere, see table 5.4. Although more than 80% of the 
participants in the present study had inadequate calcium intakes, 40% took calcium 
supplements, and all those who were taking a calcium supplement were also taking a 
vitamin D supplement. While actual quantities of these supplements were not recorded 
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for the present study, such supplementation is expected to substantially reduce the high 
concentration of inadequacy (see above) for these two nutrients that are so important for 
bone health. In fact, according to CCHS data, it has been shown that calcium 
supplementation decreases inadequate intake by at least two fold for free-living older 
Canadian adults (Vatanparast et al., 2010; Vatanparast, Dolega-Ciezkowski & Whiting, 
2009). Also, Viveky et al (2012) reported that substantial numbers (26%) of Canadians in 
one LTC study were also taking calcium supplements. Furthermore, the mean calcium 
intake of the participants in present study (females 792.1 ± 217.4 mg/d; males 807.4 ± 
431.7 mg/d), (see Appendix G) were similar to what CCHS data revealed for free-living 
older adults 71 years and older (females 690 mg/d; males 762 mg/d) (Health Canada, 
2009c). Thus, the amount of calcium obtained from foods appears to be similar, 
regardless of residential setting.  
Because the residents in the present study were consuming significantly less than 
the recommended number of servings for Milk and Alternatives, and as with vitamin D, 
the majority of calcium is generally obtained from this food group, then, these residents 
should strive to obtain, and the food service staff should ensure that these residents meet, 
the calcium recommendations through foods/fortified foods and possibly calcium 
supplements as set out by the IOM. To this end, in addition to increasing the number of 
servings from the Milk and Alternatives food group, other good sources of calcium that 
residents and food service staff could consider, that might be acceptable to this 
population, include Vegetables and fruit (e.g., spinach, collards, turnip greens, kale, and 
fortified orange juice), and Meat and Alternatives (e.g., fish and seafood such as salmon 
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and sardines with bones, meat alternatives such as white beans, tahini, and tofu) 
(Dietitian of Canada, 2012a; Canadian Nutrient File, Health Canada, 2010).   
5.4.2.4 Magnesium. In the present study, the prevalence of inadequate 
magnesium intakes was more than 60%, a value similar to two Canadian LTC studies and 
one international RC study (see Table 5.4), as well as to free-living older adults in 
Canada (Health Canada, 2009b). The prevalence of inadequate intakes, in the present 
study, was somewhat higher among males (80%) than females (61%); however, males 
also consumed significantly less than the recommended number of servings for all four 
food groups (see Table 4.1 in section 4.2), which are known to contain good sources of 
magnesium. Since magnesium intake is related to blood pressure, and 56% of the 
residents in the present study reported having HBP; therefore, most residents in this 
setting, particularly males, should strive to obtain, and the food service staff should 
ensure that these residents have the means to meet, the magnesium recommendations set 
out by the IOM. In this regard, magnesium can be obtained from Vegetables and Fruit 
(e.g., spinach, potatoes with skin, and okra); Grain Products (e.g., whole grain cereals, 
and quinoa); Milk and Alternatives (e.g., various cheeses, yogurt, and soy products); and 
Meat and Alternatives (e.g., fish, such as, salmon and halibut, and legumes such as 
soybeans, black-eyed peas, and lentil, as well as, various nuts and seeds) (Dietitians of 
Canada, 2012b; Canadian Nutrition File, Health Canada, 2010). Furthermore, in an 
Australian study, magnesium supplements were found to decrease the prevalence of 
inadequate magnesium intake from 86.3% to 67.3% amongst free-living older adults 
(Weeden et al., 2010). However, in the present study no one reported specifically taking 
magnesium supplements and only two males reported taking a multi-mineral supplement.  
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The participants’ magnesium mean intake in the present study was 246.6 ± 71.6 
mg/d for females and 266 ± 133.4 mg/d for males (see Appendix G), values similar to 
those revealed by CCHS data for free-living older adults, 71 years and older (females 268 
mg/d; males 318 mg/d) (Health Canada, 2009b). Thus, it appears that the prevalence of 
inadequate magnesium intake and the amount of magnesium obtained from foods appears 
to be similar, regardless of residential setting. 
5.4.2.5 Zinc. Similar to two Canadian LTC studies and one international RC study 
(see Table 5.4) in the present study 80% of males and a smaller percentage (38%) of 
females had inadequate zinc intakes (see Table 4.4) section 4.3.5. Similar to magnesium, 
males in the present study had a somewhat higher prevalence of inadequate intakes than 
females. This may have been due, in part, to them consuming significantly less than the 
recommended number of servings for Meat and Alternatives (see Table 4.1 in section 
4.2). Since zinc intake is related to immune function and wound healing, males in the 
present study should strive to obtain, and food service staff should ensure that the male 
residents meet, the zinc recommendation set out by IOM; with a particular attention to 
Meat and Alternatives. In this regard, food sources of Meat and Alternatives should be 
provided including various cut of meats such as beef, turkey, and pork, fish and seafood, 
such as, oysters, and crab, various organ meats such as liver, and meat alternatives such 
as beans, lentils and nuts (Dietitian of Canada, 2010b; Canadian Nutrient File, Health 
Canada, 2010). 
  Furthermore, the prevalence of inadequate zinc intake, in the present study, 
apparent to be higher than what CCHS data revealed for free-living older Canadian 
adults, 71 years and older (females 25%; males 41%), but again males also had a higher 
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prevalence than females (Health Canada, 2009b). However, the present study 
participants’ zinc mean intake of 7.5 ± 2 mg/d for females and 8.7 ± 5 mg/d for males 
(see Appendix G), is lower than what has been reported for free-living older adults 
(females 8.5 mg/d; males 10.3 mg/d) (Health Canada, 2009b). Therefore, it appears that 
the prevalence of inadequate zinc intake is higher in institutions, particularly among 
males, than free-living older Canadian adults. 
 5.4.2.6 Folate. Similar to three recent Canadian studies in LTC and two 
international studies in RCs, see Table 5.4, in the present study, about 60% had 
inadequate folate intakes from foods (see Table 4.4, section 4.3.5). However, according 
to CCHS data, the prevalence of inadequate folate intake among free-living older 
Canadian adults (71 years and older) is less than 50% (females 47%; males 23%) (Health 
Canada, 2009b). While the Vegetables and Fruit, Meat and Alternatives, and Grain 
Products (including fortified wheat products) food groups contain excellent sources of 
folate, males, in the present study, consumed significantly less than the recommended 
number of servings for the first two food groups, and both females and males consumed 
significantly less than the recommended number of servings for Grain Products.  
Therefore, the residents in the present study should strive to obtain, and the food service 
staff should ensure that these residents meet, the folate recommendations set out by IOM 
with special attention to the three food groups mentioned above.   
In this regard, folate sources to be served should include: Vegetables and Fruit 
(e.g., spinach, okra, asparagus, broccoli, avocado, and orange juice); Grain Products 
(e.g., Enriched pasta, enriched egg noodles, and breads made with folate enriched flour); 
and Meat and Alternatives (e.g., various organ meats such as liver, and meat alternatives 
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such as kidney beans, lentils, chickpeas, and sunflower seeds) (Dietitian of Canada, 
2012c; Canadian Nutrition File, Health Canada, 2010). 
5.4.2.7 Potassium. In the present study, 100% of the residents had inadequate 
potassium intakes; (for the purposes of this study, less than 4700 mg/d is considered as 
inadequate). This high prevalence could be due to the lack of EAR value and/or to the 
difficulty to meet the high AI recommendation set out by IOM. According to Health 
Canada (2009a), inadequate potassium intake was not calculated for free-living older 
adults because of “the limited usefulness of the AI” in determining inadequate intakes; 
however, they did state that “there is a concern that Canadian adults may not be meeting 
their needs for potassium …”. Furthermore, it should be noted that the potassium mean 
intakes of the participants in the present study (female 2918.8 ± 636 mg/d; males 2894 ± 
723.8 mg/d) (See Appendix G), were quite similar CCHS data for free-living older adults, 
71 years and older (females 2624 mg/d; males 3059 mg/d) (Health Canada, 2009b).  
Since potassium intake is related to blood pressure, it is important to ensure that 
the residents of the present study strive to meet potassium recommendations set out by 
IOM, residents should strive to obtain, and the food service staff should ensure that these 
residents meet, these recommendation through potassium-rich food sources. In this 
regard, potassium food sources includes Vegetables and Fruit (e.g., bananas, potatoes, 
dark leafy greens, avocado, and prune/tomato/orange juices); Milk and Alternatives (e.g., 
various forms of milk and yogurt); and Meat and Alternatives (e.g., various cut of meats 
such as beef, and pork, fish, and meat alternatives, such as, black beans, chickpeas, lentils 
and pistachio, almond, and flaxseeds) (Dietitians of Canada, 2011, Canadian Nutrition 
File, Health Canada, 2010). 
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5.4.2.8 Fibre. In the present study, the prevalence of inadequate fibre intake was 
80% for males and 46% for females, with both females and males consuming 
significantly less than the recommended number of servings for Grain Products (see 
Table 4.1 section 4.2). The present study findings are similar to what have been found in 
two Canadian LTC studies and other international studies in LTC and RCs, see Table 5.4, 
as well as for free-living older Canadian adults (Health Canada, 2009c).  In addition, the 
mean fibre intakes for the present study (females 24.5 ± 10 g/d; males 21.6 ± 8.2 g/d) 
(See Appendix G), appeared to be somewhat higher than the CCHS data for free-living 
older Canadian adults, 71 years and older (females 15.2 g/d; males 17.9g/d) (Health 
Canada, 2009c). However, Health Canada (2009a) did point out that the CCHS data may 
underestimate total dietary fibre due to the fact that not all the functional fibre that may 
be added to foods was accounted for.  
Regardless of residential setting, the prevalence of inadequate fibre intake is 
common. Thus, the residents in the present study should strive to obtain, and the food 
service staff should ensure that these residents meet, the fibre recommendations set out 
by the IOM, and recommended number of servings of Grain Products.  In this regard, 
fibre-rich sources include Grain Products (e.g., bran / multigrain cereals, whole grain pita 
bread/muffins/pasta, and brown and wild rice); Vegetables and Fruit (e.g., spinach, 
broccoli, carrots, corn, green peas, avocado, pears with skin, raspberries, apples with 
skin, potatoes with skin); and Meat and Alternatives (e.g., meat alternatives such as 
kidney beans, black-eyed peas, soy beans, chickpeas, lentils, hummus, almonds, soy nuts, 
pistachio, and flaxseed) (Dietitian of Canada, 2010c; Canadian Nutrient File, Health 
Canada, 2010).  
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5.5 Target Intakes for Micronutrients and Fibre 
Due to the fact that 50% or more of the residents in the present study do not meet 
the Target Intakes for the following nutrients: thiamin, vitamin B6, folate, vitamin B12, 
vitamin C, vitamin D, calcium, magnesium, potassium, phosphorus, zinc, and fiber, see 
Table 4.5, they are considered to be ‘at risk for inadequate intake’ for these nutrients, as 
has been reported by Lengyel et al (2008). Furthermore, residents living in five Canadian 
LTC facilities were found to be ‘at risk of inadequacy’ for almost the same list of 
nutrients: thiamin, niacin, vitamin B6, folate, vitamin B 12, vitamin C, vitamin E, vitamin 
D, calcium, magnesium, zinc, and fibre (Lengyel et al., 2008). Thus, based on the 
respective Target Intakes for each study, regardless of the residential setting, ≥ 50 of the 
residents were not getting adequate intakes of at least nine of the same nutrients and fibre 
(see Table 4.5).  
In the case of sodium, however, 44% of the participants in the present study 
exceeded the Target Intake of 2300 mg/d. CCHS data also revealed a similar number for 
free-living females (44%), but a somewhat higher number for males (77%) in this age 
group (Health Canada, 2009c). Thus, close half of older Canadians are consuming much 
more sodium than they need, possibly further increasing their risk of HBP. 
Based on the results from the present study, the following paragraph outlines four 
different dietary strategies intended to help reduce the risk of nutrient inadequacies 
identified among the residents and to aim at meeting the Target Intakes set for them: 
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1) RC administrators/staff are encouraged to continue holding educational sessions 
for the residents, however, they should also consider holding sessions led by a RD 
that provides information about the importance of following CFG (including 
lower sodium choices) and possibly follow up with individual diet counselling for 
those who may need it.  
2) It has been reported that it is challenging for this age group to meet the 
recommended number of servings in CFG (Ducak and Keller, 2011; Wendland et 
al., 2003), due, in part, to a decrease in the appetite (e.g., can’t finish their meals 
due to large portions, and high plate waste), and prolonged satiety (e.g., not 
feeling hungry) (Ducak & Keller, 2011; Lengyel et al., 2008; Cluskey, 2001). 
Thus, it may be necessary to ensure the inclusion of nutrient-dense foods (in 
smaller portions), and possibly nutritional supplements/meal replacements, where 
appropriate, in order to help meet the recommendations for this age group. 
3) Food service staff are encouraged to continue providing the residents with flexible 
menu options (such as a third menu option, as is offered at this facility) to help 
address residents’ preferences. This is important especially as it has been reported 
that it is challenging to meet all the residents’ food preferences when planning a 
menu (Ducak and Keller, 2011). This was, in part, due to nutrition-related health 
conditions (e.g., special diets such as a diabetic diet), oral health (e.g., dentures), 
or personal and cultural preferences. Also, Nichols et al (2002) found that 
coleslaw and boneless meat had the least percent waste, because they were easier 
to chew.  
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4) RC staff should continue to encourage social interaction during meals in the 
congregate dining room, as this approach has been reported to have a positive 
effect on food intake (Leydon & Dahl, 2008; Brownie, 2006; Dewolfe & Millan, 
2003).  
5.6 Physical Activity.  
Although only a couple of the participants met the current recommendations for 
physical activity for this age group (i.e., achieved at least 150 min per week of moderate- 
to vigorous-intensity aerobic physical activity plus some concentration of muscle and 
bone strengthening exercises at least two times per week (Canadian Society for Exercise 
Physiology, 2012) more than half performed between 30 and 120 minutes of moderate- to 
vigorous-intensity aerobic physical activity per week. In addition, half of the participants 
were performing some concentration of bone and muscle strengthening exercise one or 
two days per week, almost all of whom indicated they used a walker during some of these 
activities. Over and above these activities, the participants had to walk a distance between 
260 to 840 meters per day to and from the dining area. Similarly, the prevalence of free-
living older Canadian adults, 65 years and older, who reported being at least moderately 
active during leisure time was about 40 to 50%, for females and males, respectively 
(Statistics Canada, 2010).  
 Although more than half of the participants in the present study were getting at 
least some concentration of moderate- to vigorous-intensity aerobic physical activity per 
week, all the residents (aside from those who were already meeting the guidelines) should 
strive to meet the recent Physical Activity Guidelines for Older Adults - 65 years and 
older. Doing so would be expected to stimulate appetite/energy intake, thus, allowing 
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room for more nutrient-dense foods which may further help reduce the high prevalence of 
nutrient inadequacies seen in this study.  In addition, becoming more physically active 
(with physician approval) is known to help with the management and the prevention of 
chronic diseases, such as those reported by the participants in this study i.e., HBP, heart 
disease, type 2 diabetes mellitus, and osteoporosis as well as enhance balance and 
maintain their functional independence.   
 
5.7 Limitations 
• Although based on our calculations the sample size was adequate, recruiting more 
participants would possibly provide less variability, resulting in a better basis on 
which to set the Target Intakes for this group. Furthermore, EAR values were not 
available for all nutrients on which to base Target Intakes.  
• Even though more than half of the residents BMIs fell within the healthy range 
according to the Canadian Guidelines for Body Weight Classification in Adults, 
using a cut off of ≥ 22 /, as in the Seniors in Canada 2006 Report Card, the vast 
majority would then be classified in the healthy weight range.   
• Nutrient intakes were based on three day food record that did not include actual 
quantification of supplemental vitamins and minerals. This additional information 
may have impacted the number of the residents who were considered to have 
inadequate intakes for some nutrients.   
• In addition, The ESHA Food Processor® like many other nutrient software 
programs, does not provide a complete analysis for nutrients such as folate as 
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dietary folate equivalents (DFEs), vitamin A as retinol activity equivalents (RAE), 
and lacks numerous values for foods containing vitamin E. However, where 
available, additional nutritional information were also added to the ESHA® 
database for brand names food items provided to the residents in this study 
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CHAPTER 6 
SUMMARY 
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6.1 Summary 
The results of the present study support previous findings from numerous 
Canadian and international studies that revealed a high prevalence of inadequate nutrient 
intakes in older adults who are free-living or residing in LTC or a RC. As with these 
previous studies, participants in the present study also reported numerous nutrient-related 
health conditions (HBP, cardio/cerebrovascular diseases, food allergies, diabetes, 
osteoporosis), polypharmacy, and low amounts of physical activity. The dietitian-
approved menu provided to the residents in this RC was on a 21 day cycle and served in a 
congregate dining setting, where residents were deliberately assigned to eat with different 
members of the community at each meal. Based on three-day food records from the 
participants, they met the EER recommendations for energy and the AMDRs  for all 
macronutrients; however, there was a high prevalence (≥ 50%) of inadequate intakes for 
six micronutrients (vitamin D, calcium, magnesium, zinc, folate, and potassium) plus 
fibre, which are  important for the maintenance of good health. Furthermore, a high 
percentage (44%) of the residents had sodium intakes that exceeded the UL (2300 mg/d). 
Moreover, while females met the recommended number of servings for two of the food 
groups (Vegetables and Fruit, and Meat and Alternatives), males consumed significantly 
less than recommended number of servings for all four food groups. It should be noted 
that both females and males did not meet the recommended servings for Milk and 
Alternatives (rich sources for calcium, magnesium, and vitamin D), and Grain Products 
(good sources of folate and high sources of fibre), which contain many of the nutrients 
that were found to be inadequate for these participants. In addition, both females and 
males consumed significantly less Total Water than the recommendations for their 
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respective sexes. Although 84% of the participants consumed some form of 
vitamin/mineral supplement, which would be expected to reduce the concentration of 
some nutrient inadequacies (e.g., 40% took a calcium supplement, all of whom also took 
a vitamin D supplement), we did not determine the actual nutrient contents of these 
supplements. Because residents’ intakes of many micronutrients were determined to be 
inadequate, and sodium was above the UL in many cases, certain strategies/actions are 
needed to correct these inadequacies, the excess sodium intakes, and to help residents 
meet target intakes.  
These strategies include: 
1) RC administrators/staff should consider providing dietitian-led nutrition education 
sessions regarding CFG (including lower sodium choices), with individual 
consultation where needed. 
2) In order to address the challenge of getting residents to meet CFG 
recommendations, RC administrators/staff should also consider including 
nutrient-dense foods from each food group (thus, more nutritious smaller 
portions), and possibly nutritional supplements/meal replacements (especially, a 
vitamin D supplement for all those in this age group as outlined in the food 
guide), where appropriate. 
3) RC food service staff is encouraged to continue providing additional menu 
options to help address residents’ personal/cultural preferences. 
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4) RC administrators/staff are encouraged to continue providing sessions that  
promote more physical activity by residents, for example, informing them of the 
new Physical Activity Guidelines for Older Adults - 65 years and older, and to 
also urge them to increase their Total Water intake. 
5) RC staff is encouraged to continue providing a positive social environment during 
meals to enhance food intake. 
Because ‘baby boomers’ began entering the ‘young old’ age group (i.e., 65 years and 
older) by 2011, many of them might be considering the prospect of moving to a RC in the 
near future. Therefore, further research should be conducted regarding the adequacy of 
both the menu provided and residents’ nutrient intakes, including the actual quantities of 
nutrient supplements, since at present there is a paucity of this type of research in RCs in 
Canada.  
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Are you looking for a volunteer opportunity this Spring / Summer?  
 
We are looking for keen students to help out in our research. You need to be familiar with 
completing Three Day Food Records, and nutrient analysis using the ESHA Food Processor.  
The research is going to take place at a retirement community close to Brescia therefore you will 
need to do the following: 
- An interview 
- Police check  
- TB test     
Third and forth year Food and Nutrition students will be given priority. 
If you are interested please contact: 
Ohood M. Alharbi  
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Appendix F 
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Appendix G 
RC residents Micronutrient Mean Intakes 
Nutrient  n       Mean Intake Nutrient   n        Mean Intake 
Thiamin (mg/d) 
 
Niacin (mg/d) 
 
Riboflavin (mg/d) 
 
Vitamin B6 (mg/d) 
 
Folate (µg/d) 
 
Vitamin B12 (µg/d) 
 
Vitamin C (mg/d) 
 
Vitamin D (µg/d) 
 
Vitamin A 
 
 
F13     1.16 ± 0.3 
M5     1.37 ± 0.7 
F13     21.7 ± 4.4 
M5      23.7 ± 7.5 
F13     1.7 ± 0.5 
M5      2.1 ± 1.0 
F13     2.2 ±1.8 
M5      2.5 ± 2.5 
F13     299.3 ± 168.6 
M5      386.8 ± 308.1 
F13     4.6 ± 2.8 
M5      5.7 ± 5.2 
F13     123.9 ± 51 
M5      164.9 ± 42.1 
F13     4.3 ± 1.7 
M5      5.3 ± 3.6 
F13    3382.6 ± 296.4 
M5      3399.1 ± 1803 
 
Calcium (mg/d) 
 
Magnesium (mg/d) 
 
Phosphorus (mg/d) 
 
Potassium (mg/d) 
 
Sodium (mg/d) 
 
Zinc (mg/d) 
 
Iron (mg/d) 
 
Fiber (g/d) 
F1     792.1 ± 217.4 
M5     807.4 ± 431.7 
F13    246.6 ± 71.6 
M5     266 ± 133.4 
F13    990.9 ± 243 
M5  1074 ± 545.2 
F13  2918.8 ± 635.9      
M5     2894 ± 723.8 
F13    2411.2 ± 486.7 
M5    2682.7 ± 1523.2 
F13    7.5 ± 2.1 
M5     8.7 ± 5.0 
F13    12.7 ± 4.0 
M5     14.2 ± 6.2 
F13    24.5 ± 9.9 
M5     21.6 ± 8.2 
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Curriculum Vitae 
 Ohood Alharbi 
 
Education  
Master of Science in Food and Nutrition (thesis stream)         GPA: Degree Expected 
Brescia University College, London Ontario, Canada                                        Summer 12 
Bachelor of Medical Technology                                                          GPA: 4.25/5  
King Abdulaziz University, Jeddah, Saudi Arabia                                               June 05 
Compulsory Interns                           GPA: Excellent 
King Abdulaziz University, Jeddah, Saudi Arabia                                                July 06 
 
Skills 
• Language: English & Arabic. 
• Relevant Skills: Individual contributor, requiring minimal supervision. 
• Key Qualities: Ability to prioritize duties, balance multiple projects, work in a 
team setting, and meet deadlines, in addition to having strong interpersonal and 
communication skills.   
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Experience 
King Abdulaziz University, Internship year, Jeddah, Saudi Arabia         July 05-July 06 
• Special Infectious Agent, King Abdulaziz Hospital and Research Centre. (July 05-
Sep 05) 
• Microbiology Lab, King Abdulaziz University Hospital (Oct 05-April 06) 
• Virology Lab, King Abdulaziz University Hospital  (May 06-July 06) 
 
King Abdulaziz University, Teacher assistant, Jeddah, Saudi Arabia March 07-Present 
Faculty Medical Applied Science, Clinical Nutrition Department    
• Teaching responsibilities include time management and preparing teaching 
materials.  
• Students' advising includes project supervision and meeting duration with students 
regarding academic curriculum. 
• Nutritional assessment lab administrator 
• Clinical Nutrition hospital rounds coordinator. 
• Preparing exam material and marking the exams sheets.  
 
King Abdulaziz University Hospital, Research assistant, Jeddah, Saudi Arabia, 
Immunology Lab and Clinical Chemistry Lab        March 07-Sep 2008 
• Blood sample collection. 
• Test serum sample for 25(OH)D using competitive protein binding essay, Elisa 
kit. 
• Test the samples for anti-nuclear antibodies using Indirect Immuno-fluorescence 
antibody technique. 
 
Canadian Cancer Society, volunteer, London, Ont. Canada                 July 10 - Present 
• Participated in the awareness display in the International Plowing Match 2010. 
• Delivering wide variety of educational presentations, to raise awareness, to 
different age groups and different communities in London and St. Thomas.  
• Participating in Community Outreach Team. 
• Currently, volunteering in Cancer Screening Awareness: Ethno-Media Pilot 
Project: Focus Group Facilitator (Arabic group).  
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Brescia University College, Graduate Course Assistant, London, Ont. Canada  
            October 11-Present 
• Grading essays, assignments, and term tests.  
• Proctoring exams 
• Doing literature reviews for the faculty. 
 
Awards, Grants 
• BSc with 2nd honor’s degree in Medical Technology, June 05 
• Scholarship for masters and Ph.D degrees from King Abdulaziz University, March 07 
  
 
 Special Skills 
• Dietary assessment methods; Three Day Food Records. 
• ESHA Food Processor  
• SPSS software  
• Laboratory skills in various laboratory methods, e.g. ELISA, immune-
fluorescence Assay, Flow Cytometry, Conventional PCR, and Gel 
Electrophoresis. 
 
Projects & Presentations                       
• Determination of B.M.I and Related Parameters in Female Students at 
K.A.A.U Medical College.  (Thesis research, Bachelor of Medical Technology).                
April 05   
• From Genomics to Proteomics. (Oral Presentation, the 2nd Applied Medical 
Sciences Students Meeting).     
May 06                                    
         
• Biological Hazards (poster presentation: Clinical Microbiology Symposium & 
the 2nd Annual Student Competition Award)           
May 07 
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• Diet and Cancer Prevention. (Oral Presentation, the 3rd Applied Medical 
Sciences Students Meeting).   
         April 07 
            
Workshops & Seminars 
• Quality Assurance in Medical Laboratories Symposium, Jeddah, Saudi Arabia  
January 07 
• Third National Applied Medical Sciences Student Meeting, Jeddah, Saudi 
Arabia  
April 07 
• Clinical Microbiology Symposium and the 2nd Annual Student Competition 
Award, Jeddah, Saudi Arabia  
May 07           
• Update Food Allergy Management Course, Jeddah, Saudi Arabia   
June 07           
• Advance in Laboratory Medicine Jeddah, Saudi Arabia   
October 07         
• Communication in the Canadian Classroom, The University of Western 
Ontario Teaching Support Centre       
                   June 10 
• Teaching in the Canadian Classroom, The University of Western Ontario 
Teaching Support Centre 
June 11      
• The Language of Difficult Conversation, The University of Western Ontario 
Teaching Support Centre  
July 11                         
• The Teaching Assistant Training Program (TATP), The University of Western 
Ontario Teaching Support Centre  
August 11 
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Extracurricular Activities                       
• Participate in the organization of First Medical Technology Students Meeting 
April 05 
• Participate in the organization of the 2nd Molecular Diagnostic Group Meeting 
(MDG)   
December 05 
• Participate in the organization of "Second Applied Medical Science Students 
Meeting  
 
 
